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PREFACE. 


In the preparation of the last edition (1869) I undertook to 
rewrite this book in the hope of adapting it more thoroughly to 
the wants of our English students. To this I was led by a 
considerable experience in laboratory teaching, and also by the 
unanimous and authoritative advice of many friends. But I 
confess that I then took too broad a view of my duty, and in 
obedience to the author’s wish Inow abandon my reforms and 


adhere to the original text. 


As usual, the author continues to keep his work abreast with 
the progress of science. Since the publication of «the last 
translation (Sixth English Edition, 1864) he has revised all 
parts of the work, the pages on Rare Metals and Alkaloids 
showing the greatest alterations. Several new figures will be 
noticed, and the old spectrum table has been replaced by a 


fresh one. 
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FART 1, 


INTRODUCTORY. 


PRELIMINARY REMARKS. 


DEFINITION, GENERAL PRINCIPLES, OBJECTS, UTILITY, AND IMPOR- 
TANCE OF QUALITATIVE CHEMICAL ANALYSIS—CONDITIONS AND 
REQUIREMENTS FOR A SUCCESSFUL STUDY OF THAT.SCIENCE. 


CHEMISTRY is the science which treats of the various materials entering 
into the structure of the earth, their composition and decomposition, 
their mutual relations and their deportment in general. A special 
branch of this science is designated Analytical Chemistry, inasmuch as it 
Bee a distinet and definite objeet—viz. the analysis of compound 

odies, and the determination of their component elements. Analytical 
chemistry, again, is subdivided into two branches— viz. qualitative 
analysis, which simply studies the nature and properties of the com- 
ponent parts of bodies; and quantitative analysis, which ascertains the 
quantity of every individual constituent present. The otlice of qualitative 
analysis, therefore, is to exhibit the constituent parts of a substance of 
unknown composition in forms of known composition, from which the 
constitution of the body examined and the presence of its several com- 
ponent elements may be positivelyinferred. The efficiency of its method 
depends upon two conditions—viz., 1st, it must attain the object in 
view with unerring certainty, and 2nd, it must attain it in the most 
expeditious manner. The object of quantitative analysis, on the other 
hand, is to exhibit the elements revealed by the qualitative investiga- 
tion in forms which will permit the most accurate estimate of their 
weight, or to effect by other means the determination of their quantity. 

These different ends are, of course, attained respectively by very 
different ways and means. The study of qualitative analysis must, 
therefore, be pursued separately from that of quantitative analysis, and 
must naturally precede it. 

Having thus generally defined the meaning and scope of qualitative 
analysis, we have now still to consider, in the first place, the preliminary 
information required to qualify students for a successful eultivation of 
this branch of science, the rank which it holds in the domain of 
chemistry, the bodies that fall within the sphere of its operations, and 
its utility and importance: and, in the second place, the prineipal parts 
into which its study is divided. 

It is, above all, absolutely indispensable for a successful pursuit of 

3. B 


2 PRELIMINARY REMARKS. 


qualitative investigations that the student should possess some know- 
ledge of the chemical elements, and of their most important combinations, 
as well as of the principles of chemistry in general; and that he should 
combine with this knowledge some readiness in the apprehension of 
chemical processes. The practical part of this science demands more- 
over strict order, great cleanness and neatness, and a certain skill in 
manipulation. If the student joins to these qualifications the habit of 
invariably ascribing the failures with which he may happen to meet to 
some error or defect in his operations, or, in other words, to the absence 
of some condition or other indispensable to the success of the experiment 
—-and a firm reliance on the immutability of the laws of nature cannot 
fail to create this habit—he possesses every requisite to render his study 
of analytical chemistry successful. 

Now, although chemical analysis is based on general chemistry, and 
cannot be cultivated without some previous knowledge of the latter, yet, 
on the other hand, we have to look upon it also as one of the main 
pillars upon which the entire structure of the science rests, since it is 
of almost equal importance for all branches of theoretical.as well as of 
practical chemistry ; and I need not expatiate here on the advantages 
which the physician, the pharmaceutist, the mineralogist, the rational 
farmer, the manufacturer, and many others derive from it. 

This consideration would surely in itself be suflicient reason to re- 
commend a thorough and diligent study of this branch of science, even 
if its cultivation lacked those attractions which yet it unquestionably 
possesses for every one who devotes himself zealously and ardently to it. 
Ihe human mind is constantly striving for the attainment of truth ; it 
delights in the solution of problems; and where do we meet with a 
greater variety of them, more or less difficult of solution, than in the 
province of chemistry ? But as a problem to which, after long ponder- 
ing, we fail to discover the key, wearies and discourages the mind; so, 
in like manner, do chemical investigations, if the object in view is not 
attained—if the results do not bear the stamp of truth, of unerring 
certainty. A half-knowledge is therefore, as indeed in every department 
of science, but more especially here, to be considered worse than no 
knowledge at all; and a mere superficial cultivation of chemical analysis 
is consequently to be particularly guarded against. 

A qualitative investigation may be made with a twofold view—viz., 
either, 1st, to prove that a certain body is or is not contained in a sub- 
stance, e.g., lime in spring-water; or, 2nd, to ascertain all the consti- 
tuents of a chemical compound or mixture. Any substance may of course 
become the object of a chemical analysis. 

But all elements are not equally important for the purposes of prac- 
tical chemistry, a certain number of them only being found more widely 
disseminated in nature, and being more generally employed in pharmacy, 
in the arts and manufactures, and in agrieulture, whilst the others are 
met with only as constituents of rarely occurring minerals; the elements 
of the former class alone, therefore, and the more important of their 
compounds, will be considered more fully in the present work, whilst 
those of the latter class will be discussed more briefly and in a manner 
to enable the learner to separate, without difliculty, the study of the 
former from that of the latter. This arrangement will serve to render 
the study of the science more easy to beginners, and to lighten the 
labors of practical chemists. 


2] OPERATIONS, B 


The study of qualitative analysis is most properly divided into four 
principal parts—viz., 


l. CHEMICAL OPERATIONS, 

9. REAGENTS AND THEIR USES. 

3. REACTIONS, OR DEPORTMENT OF THE VARIOUS BODIES WITH 
REAGENTS. 

4. SYSTEMATIC COURSE OF QUALITATIVE ANALYSIS. 


It will now be readily understood that the pursuit of chemical 
analysis requires practical skill and ability as well as theoretical know- 
ledge; and that, consequently, a mere speculative study of that science 
can be as little expected to lead to success as purely empirical experi- 
ments. To attain tie desired end, theory and practice must be combined. 


SROTTOTT 


OPERATIONS, 
| r 
THE operations of analytical chemistry are essentially the same as 
those of synthetical chemistry, though modified to a certain extent to 
adapt them to the different object in view, and to the small quantities 
operated upon in analytical investigations. 
The following are the principal operations in qualitative analysis. 


82. 
l. SoLvTıon. 


The term solution, in its widest sense, denotes the perfect union of a 
body, no matter whether gaseous, liquid, or solid, with a fluid, resulting 
in a homogeneous liquid. However, where the substance dissolved is 
gaseous, the term absorption is more properly made use of; and the 
solution of one fluid in another is more generally called a mixture. The 
application of the term solution, in its usual and more restricted sense, 
is confined to the perfect union of a solid body with a fluid. 

A solution is the more readily effected the more minutely the body 
to be dissolved is divided. The fluid by means of which the solution is 
effected, is called the solvent. We call the solution chemical, where the 
solvent enters into chemical combination with the substance dissolved ; 
simple, where no definite combination takes place. 

In a simple solution the dissolved body exists in the free state, and 
retains all its original properties, except those dependent on its form and 
cohesion; it separates unaltered when the solvent is withdrawn. Com- 
mon salt dissolved in water is a familiar instance of a simple solution. 
The salt in this case imparts its peculiar taste to the Auid. On evapo- 
rating the water, the salt is left behind in its original form. A simple 
solution is called saturated if the solvent has received as much as it can 
retain of tlıe dissolved substance. But as Huids dissolve generally larger 
quantities of a substance the higher their temperature, the term satu- 
rated, as applied to simple solutions, 2 only relative, and refers invariably 
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to a certain temperature. It may be laid down as a general rule that 
elevation of temperature facilitates and accelerates simple solution. 

A chemical solution contains the dissolved substance not in the same 
state nor possessed ofthe same properties as before ; the dissolved body 
is no longer free, but intimately combined with the solvent, which latter 
also has lost its original properties; anew substance has thus been pro- 
duced, and the solution manifests therefore now the properties of this 
new substance. A chemical solution also may be accelerated by eleva- 
tion of temperature; and this is indeed usually the case, since heat 
generally rei the action of bodies upon each other. But the 
quantity of the dissolved body remains always the same in proportion to 
a given quantity of the solvent, whatever may be the difference of 
temperature—the combining proportions of substances being invariable 
and altogether independent of the gradations of temperature. 

The reason of this is, that in a chemical solution the solvent and the 
body upon which it acts have invariably opposite properties, which they 
strive mutually to neutralize. Further solution ceases as soon as this 
tendency of mutual neutralization is satisfied. The solution is in this 
case also said to be saturated or, more properly, neutralized, and the 
point which denotes it to be so is termed the point of saturation or neu- 
tralization. 

The substances which produce chemical solutions are, in most cases, 
either acids or alkalies.. With few exceptions, they have first to be 
converted to the fluid state by means of a simple solvent. When the 
opposite properties of acid and base are mutually neutralized, and the 
new compound is formed, the actual transition to the tluid state will 
ensue only if the new compound possesses the property of forming a 
simple solution with the liquid present; e.g., if solution of acetic acid in 
water is brought into contact with oxide of lead, there ensues, first, a 
chemical combination of the acid with the oxide, and then a simple solu- 
tion of the new-formed acetate of lead in the water of the menstruum. 

In pharmacy solutions are often made in a porcelain mortar, by 
triturating the body to be dissolved with the solvent added gradually 
in small quantities at a time; in chemical laboratories solutions are 
rarely made in this manner, but generally by digesting or heating the 
substance to be dissolved with the fluid in beakers, tasks, test-tubes, or 
dishes. In the preparation of chemical solutions the best way generall 
is to mix the body to be dissolved in the first place with water (or with 
whatever other indifferent fluid may happen to be used), and then 
gradually add the chemical agent. By this course .of proceeding a large 
excess of the latter is avoided, an over-energetic action guarded against, 
the process greatly facilitated, and complete solution ensured, which is a 
matter of some importance, as it will not seldom happen in chemical 
combinations that the product formed refuses to dissolve if an excess of 
the chemical solvent is present; in which case the molecules first formed 
of the new salt, being insoluble in the menstruum present, gather round 
and enclose the particles still unacted on, weakening thereby or prevent- 
ing altogether further chemical action upon them. Thus, for instance, 
witherite (carbonate of baryta) dissolves readily if water is poured upon 
the pulverised mineral and hydrochlorie acid gradually added ; but it 
dissolves with ditheulty and imperfectly if it is projected into a concen- 
trated solution of hydrochloric acid in water; since chloride of barium 
will indeed dissolve in water, but not in hydrochloric acid. 
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ÜRYSTALLIZATION and PRECIPITATION are the reverse of solution, 
since they have for their object the conversion of a fluid or dissolved 
substance to the solid state. As both generally depend on the same 
cause, viz., on the want of a solvent, it is impossible to u ie exact 
limits to either ; in many cases they merge into one another. We must, 
however, consider them separately here, as they differ essentially in 
their extreme forms, and as the special objects which we purpose to 
attain by their application are generally very different. 


88. 
9, CRYSTALLIZATION. 


We understand by the term erystallization, in a more general sense, 
every operation or process whereby bodies are made to pass from the 
fluid to the solid state, and to assume certain fixed, mathematically 
definable, regular forms. But as these forms, which we call erystals, 
are the more regular, and consequently the more perfect, the more 
slowly the operation is carried on, we always connect with the term 
erystallization the accessory idea of a slow separation—of a gradual 
conversion to the solid state. 'I'he formation of crystals depends on the 
regular arrangement of the ultimate particles of bodies; it can only 
take place, therefore, if these particles possess perfect freedom of 
motion, and thus in general only when a substance passes from the 
fluid or gaseous to the solid state. Those instances in which the mere 
ignition, or the softening or moistening of a solid body, suffices to make 
the tendency of the particles to a regular arrangement (crystallization) 
prevail over the diminished force of cohesion—such as, for instance, the 
turning white and jr pn of moistened barley-sugar—are to be re- 
garded as exceptional cases. 

To induce crystallization, the causes of the fluid or gaseous form of 
a substance must be removed. These causes are either heat, as in the case 
of fused metals ; or solvents, as in the case of an aqueous solution of 
common salt; or both combined, as in the case of a hot saturated solution 
of nitrate of potassa in water. In the first case we accordingly obtain 
erystals by cooling; in the second by evaporating; and in the third 
by either of these means. The most frequently occurring case is that 
of erystallization by cooling hot saturated solutions. The liquors wluich 
remain after the separation of erystals are called mother-liquors. The term 
amorphous is applied to such solid bodies as have no crystalline form. 

We have recourse to crystallization mostly either to obtain the 
erystallized substance in a solid form, or to separate it from other sub- 
stances dissolved in the same menstruum. In many cases also the 
form of tlıe erystals or their deportment in the air, viz., whether they 
remain unaltered or eflloresce or deliquesce upon exposure to the air, 
will afford an excellent means of distinguishing between bodies other- 
wise resembling each other ; for instance, between sulphate of soda 
and sulphate of potassa. T'he process of cerystallization is usually 
effected in evaporating dishes or, for very small quantities, in watch- 
glasses. 

In cases where the quantity of fluid to be operated upon is only 
small, the surest way of getting well-formed erystals is to let the Auid 
evaporate in the air or, better still, under a bell-glass, under which is 
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also placed an open vessel half-filled with concentrated sulphuric acid. 
Minute crystals are examined best with a lens or under tlıe micro- 
scope. 


s4. 
8. PRECIPITATION. 


This operation differs from the preceding in this, that the dissolved 
body is converted to the solid state, not slowly and gradually, but 
suddenly, no matter whether the substance separating is erystalline or 
amorphous, whether it sinks to the bottom of the vessel or ascends or 
remains suspended in the liquid. Precipitation is either caused by a 
modification of the solvent—thus sulphate of lime separates immediately 
from its solution in water upon the addition of aleohol ; or it ensues in 
consequence of the separation of an educt insoluble in the menstruum 
—thus metallic copper precipitates if a solution of chloride of copper is 
brought into contact with zinc, as this separates the copper from the 
chlorine, and the eliminated metal is insoluble in the water. Precipita- 
tion, lastly, takes place also where, by the action of simple or double 
chemical affınity, new compounds are formed which are insoluble in the 
menstruum; thus oxalate of lime precipitates upon addition of oxalic 
acid to a solution of acetate of lime; chromate of lead if chromate of 
potassa in solution is mixed with solution of nitrate of lead. In de- 
compositions of this kind, induced by simple or double affinity, one of 
the new compounds remains generally in solution, and the same is 
sometimes the case also with the educt; thus in the instances just 
mentioned the chloride of zinc, the acetic acid, and the nitrate of 
potassa remain in solution. It may, however, happen also that both 
the product and the educt, or two products, precipitate, and that 
nothing remains in solution; this is the case, for instance, when a 
solution of sulphate of magnesia is mixed with baryta water, or when a 
solution of sulphate of silver is precipitated with chloride of barium. 

Precipitation is resorted to for the same purposes as crystallization, 
viz., either to obtain a substance in the solid form, or to separate it 
from other substances dissolved in the same menstruum. But in quali- 
tative analysis we have recourse to this operation more particularly for 
the purpose of detecting and distinguishing substances by the color, 
properties, and general deportment which they exhibit when precipi- 
tated either in an isolated state or incombination with other substances. 
The solid body separated by this process is called the preeipitate, and 
the substance which acts as the immediate cause of the separation is 
termed the preeipitant. Various terms are applied to precipitates by 
way of partieularising them according to their different nature; thus 
we distinguish erystalline, pulverulent, flocculent, eurdy, gelatinous 
precipitates, &c. Precipitates which appear pulverulent to the naked 
eye will often be seen when examined under the microscope to consist 
entirely of regular erystals; and such precipitates may frequently be 
distinguished from each other in this way. 

The terms turbid and turbidity, or eloudy and eloudiness, are made use 
of to designate the state of a Huid which contains a precipitate so finely 
divided and so inconsiderable in amount, that the suspended particles, 
although impairing the transparency of the fluid, yet cannot be clearly 
distinguished. The separation of tloceulent precipitates may generally 
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be promoted by vigorously shaking the vessel ; that of erystalline preci- 
pitates, by stirring the fluid and rubbing the inside of the vessel with a 
glass rod ; lastly, elevation of temperature is also an effective means of 
promoting the separation of most precipitates. The process is con- 
ducted, according to circumstances, either in test-tubes, flasks, beakers, 
or dishes. 


The two operations described in & 5 and 6, viz. FILTRATION and 
DECANTATION, serve to effect the mechanical separation of fluids from 
matter suspended therein. 


85. 
4. FiLTRATION. 


This operation consists simply in passing the fluid from which we 
wish to remove the solid particles mechanically suspended therein 
through a filtering apparatus, formed usually by a properly folded piece 
of unsized paper placed in a funnel. An apparatus of this description 
allows the fluid to trickle through with ease, whilst it completely re- 
tains the solid particles. We employ smooth filters and plaited filters; 
the former in cases where the separated solid substance is to be made 
use of, the latter in cases where ıt is simply intended to clear the solu- 
tion. Smooth filters are prepared by double-folding a eircular piece of 
paper, with the folds at right angles; they must in every part fit close 
to the funnel. 'T'he preparation of plaited filters is more properly a 
matter for ocular demonstration than for description. In cases where 
the contents of the filter re- 
quire washing, the paper must 
not project over the rim of 
the funnel. It is in most 
cases advisable to moisten the 
filter previously to passing 
the Huid through it; since 
tlıis not only tends to accele- 
rate the process, but also to 

revent the solid particles 

eing carried through the 
pores of the filter. The paper 
selected for filters must be as 
free as possible from inorganic 
substances, especially such as 
are dissolved by acids, as 
sesquioxide of iron and lime. 
The common filtering paper 
of commerce seldom comes 
up to our requirements in 


‚„ ALIEN —| 


m 


ll — = 
































































































































this respect, and I would = = —= — 
therefore always recommend = en 
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whenever it is intended for SS 














use in accurate analyses. For e wg 
this purpose the apparatus 
shown in the figure will be found convenient. A is a bottle with the 
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bottom out, a and b are glass plates, between them lie the filters 
which have been previously cut and folded, d is a glass tube fitted 
into the cork ec, eis a piece of flexible tube, which is closed by a 
piece of glass rod or a clip. The bottle is filled with a mixture 
of one part hydrochloric acid sp. gr. 112 and two parts water, in 
which the filters are allowed to soak twelve hours, the acid being 
then run off and replaced by ordinary water. After an hour this is 
replaced by fresh water, and so on till the washings are barely acid. 
The washing is continued with distilled water till the washings are free 
from hydrochlorie acid—that is, till they cease to give any Be when 
mixed with a few drops of solution of nitrate of silver. Fina ly, the 
filters are drained, turned out onto blotting paper, covered with the 
same, anı dried in a sieve in a warm place. hen we merely want to 
wash two or three filters, we place them in a funnel, as in filtering,, one 
inside the other, moisten them with dilute hydrochlorie or nitrie acid, 
and after some time wash them well with distilled water. Filtering 
paper, to be considered good, must, besides being pure, also let 
Huids pass readily through, yet completely retain even the finest 
pulverulent precipitates, such as sul- 
wi of baryta, oxalate of lime, &e. 

here a paper satisfying these require- 
ments cannot be readily procured it is 
advisable to keep two sorts, one of closer 
texture for the separation of very finely 
divided precipitates, and one of greater 
porosity for the speedy separation of 
grosser particles. 

The funnels must be of glass or porce- 
lain ($ 18, 10); they are usually placed 
on an appropriate stand, to keep them in 
a fixed position. The stand shown in 
fig. 2 is particularly well adapted for the 
reception of the small-sized funnels used 
in qualitative analyses. 

The method of rapid filtration by 
means of an exhausting apparatus will be described in the Quantitative 
Analysis. 





g 6. 
5. DECANTATION. 


This operation is frequently resorted to instead of filtration, in 
cases where the solid particles to be removed are of considerably greater 
specific gravity than te liquid in which they are suspended ; as they 
will in such cases speedily subside to the bottom, thereby rendering ıt 
easy either to decant the supernatant fluid by simply inclining the 
vessel, or to draw it off by means of a syphon or pipette. In many 
cases we are obliged to employ decantation for the complete separation 
of precipitates from fluids, especially when a precipitate is of so gela- 
tinous or slimy a nature that it would immediately stop the pores of a 
filter and prevent the passage of the fluid. Occasionally we combine 
decantation and filtration together by allowing the precipitate to settle, 
and then pouring the fluid as clear as possible onto a filter. 
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7. 
6. WasnHınG. 


In cases where filtration or decantation are resorted to for the pur- 
pose of obtaining the solid substance, the latter has to be freed after- 
wards by repeated washing from the liquid still adhering to it. The 
washing of precipitates collected on a filter is 
usually effected by means of the washing-bottle 
(fig. 3). 

Ei drawing needs no elaborate explanation. 
The outer end of the tube a is drawn out to a 
fine point. By blowing air into the flask through 
the other tube, a fine jet of water is expelled 
through a, with a certain degree of force, which 
is particularly well suited for washing precipi- 
tates. Washing-bottles of this construction afford - 
also the advantage that they do equally well for 
washing with hot water. Dar this purpose they 
are either furnished with a handle, or some cork 
is bound round the neck. The best way of wash- 
ing by decantation is, after the supernatant fluid 
has been poured off, to stir up the precipitate 
with water or whatever fluid may be used for 
the washing, to allow to settle, to pour off again, and so on. 

As the success of an analytical operation often depends absolutely 
upon the proper washing of a precipitate, it may as well be mentioned 
at once that the operation ought never to be considered completed 
before the object of it has been really attained. And this is usually 
the case only when the precipitate has been absolutely freed from the 
fluid adhering to it. The operator should, in this respect, never trust 
to mere belief or guessing, but should always make quite sure by 
properly -testing the last washings. With fixed bodies it generally 
suflices to slowly evaporate a drop of the last washings on platinum- 
foil, when complete volatilization will show that the end in view has 
been fully attained. 





88, 
7. Dıauysıs. 


Dialysis is an operation which is occasionally employed for the 
separation of certain bodies from each other when they are in 
solution together; at first sight it appears to have some resemblance 
to filtration, but in reality it differs essentially from filtration. This 
cperation has been recently introduced to the scientific world by 
GRAHAM (Phil. Mag. Fourth Series, Nos. 153—155), and depends upon 
the different behaviour of bodies dissolved in water towards moist mem- 
branes. A certain class of bodies, the crystalloids, have the power of 
penetrating suitable membranes with which their solution may be 
placed in contact; whilst another class, the colloids, do not possess that 
property. Hence the two classes may be separated by taking advan- 
tage of this action. To the erystalloids belong all erystallizable bodies ; 
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to the colloids all non-crystallizable bodies, as gelatine, Bum, dextrin, 
caramel, tannin, albumen, extractive matters, hydrated silicie acid, &e. 
The septum must consist of a colloid material, as for instance an 
animal membrane, or, better still, parchment paper, and it must 
on the other side be in contact with water. (GRAHAM explains ' 
the action on the assumption that the erystalloids appropriate to them- 

selves the water absorbed by the alle septum, acquiring thereby a 
medium for diffusion, whilst the dissolved colloids are unable to 
separate the water from the septum, and fail therefore to penetrate the 
latter. Figs. 4 and 5 exhibit suitable forms of apparatus for this opera- 




































































tion. In fig. 4 the dialyser consists of the top of a bottle closed below 
with parchment paper; in fig. 5 it consists of a hoop covered like a 
sieve with parchment paper. The hoop may be of wood, or better of 
gutta-percha. 'The disk of parchment paper used should measure three or 
four inches in diameter more than the space to be covered; it is 
moistened, stretched over and fastened by a string or by an elastie band, 
but it should not be secured too firmly. The parchment paper must 
not be porous; its soundness may be tested by sponging the upper side 
with water, and observing whether wet spots show on the other side. 
Defects may be remedied by applying liquid albumen and coagulating 
this by heat. When the dialyser has thus been got ready, the mass to 
be examined is poured into it. If the mass is quite fluid the apparatus 
fig. 4 may be used, but if it contains undissolved solid matter, the hoop 
is to be preferred. The depth of fluid in the dialyser should not be more 
tlıan halfan inch, and the membrane should dip a little way below 
the surface of the water in the outer vessel, which should amount to at 
least four times the quantity of the fluid to be dialysed. The dialyser 
in fig. 4 is suspended in the manner indicated—the hoop is simply floated 
on the water. After twenty-four hours half or three-fourths of the 
erystalloids will be found in the external water, while the colloids re- 
main in the dialyser—at most only traces pass into the external fluid. 
If the dialyser is brought successively in contact with fresh supplies of 
water, the whole of the erystalloids may be finally separated from the 
colloids. This operation is often of considerable service in chemico-legal 
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investigations for the extraction of poisonous crystalloids from parts of a 
dead body, food, vomit, &e. 


There are four operations which serve to separate volatile substances 
from less volatile or from fixed bodies, viz., evaporation, distillation, 
ignition, and sublimation. "The two former of these operations refer ex- 
clusively to fluids, the two latter exclusively to solids. 


9. 
8. EVAPORATION 


This is one of the most common operations in analytical chemistry. 
It serves to separate volatile fluids from less volatile or from fixed bodies 
(no matter whether solid or fluid), in cases where the residuary substance 
alone is of importance, whilst the evaporating matter is entirely. disre- 
garded ;——thus, for instance, we have recourse to evaporation for the 
purpose of removing from a saline solution part of the water, in order 
to bring about cerystallization of the salt; we resort to this process also 
for the purpose of removing the whole of the water from the solution of 
a non-crystallizable substance, so as to obtain the latter in a solid form, 
&c. The evaporated water is entirely disregarded in either of these 
cases, the only object in view being to obtain, in the former case a 
more concentrated fluid, and in the latter a dry substance. These 
objeets are invariably attained by converting the fluid which is to be 
removed to the gaseous state. This is generally done by the applica- 
tion of heat; sometimes also by leaving the fluid for a certain time in 
contact with the atmosphere, or with an enclosed volume of air con- 
stantly kept dry by hygroscopie substances, such as concentrated 
sulphurie acid, chloride of calcium, &e.; or, lastly, in many cases, by 
plaeing the fluid in rarefied air, with simultaneous application of hygro- 
scopie substances. As it is of the utmost importance in qualitative 
analyses to guard against the least contamination, and as an evaporating 
fluid is the more liable to this the longer the operation lasts, the process 
is usually conducted with proper expedition, in porcelain or platinum 
dishes, over the flame of a spirit or gas-lamp, in a separate place free 
from dust, preferably in a cupboard provided with a draucht. If 
the operator has no place of the kind, he must have recourse to the 
much less suitable proceeding of covering the dish; the best way of 
doing this is to place over the dish a large glass funnel secured by a 
retort-holder, in a manner to leave suflicient space between the rim of 
the funnel and the border of the dish; the funnel is placed sliehtly 
aslant, that the drops running down its sides may be received in a 
beaker. Or the dish may also be covered with a sheet of filter-paper 
rd freed from inorganie substances by washing with dilute 
ıydrochloric or nitric acid (see $5); were common and unwashed filter- 
paper used for the purpose, the sesquioxide of iron, lime, &e., contained 
in it would dissolve in the vapors evolved (more especially if acid), and 
the solution dripping down into the evaporating Huid would speedily 
contaminate it. These precautions are necessary of course only in 
accurate analyses. Large quantities of fluid are evaporated best in 
tlasks standing aslant, covered with a cap of pure filtering paper, over a 
charcoal fire or gas; or also in tubulated retorts with neck rising 
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obliquely upward, and open tubulure. Evaporating processes at 100° 
are conducted in a suitable steam apparatus, or in the water-batlı shown 
in fig. 6. Evaporation to dryness is not usually conducted over the 
naked tlame, but generally either on the water- 
bath or the sand-bath, or on an iron plate. 
There is a eircumstance connected with the 
subject which should be noted here; namely, 
that porcelain and glass vessels—which we can 
: hardly avoid using for the evaporation of large 
Fig. 6. quantities of ae slightly attacked, and 
so their contents become more or less contami- 
nated with their constituents. This will be more fully discussed in the 
Quantitative Analysis, but it becomes a source of great trouble in delicate 
work. I will now be content to advise the student never to evaporate 
alkaline fluids in glass, as at a boiling temperature they attack it 
considerably. 





& 10. 
9. DisTILLATION. 


This operation serves to separate a volatile liquid from a less volatile 
or a non-volatile substance (no matter whether solid or fluid) where the 
object is to recover the evaporating fluid. In order to attain this end, 
it is necessary to reconvert the liquid from the gaseous form in which it 
evaporates into the fluid state. A distilling apparatus consists conse- 
FR always of three parts, no matter whether separable or not. 
These three parts are—Ist, a vessel in which the liquid to be distilled 





Fig. 7. 


is heated, and thus converted into vapor; 2nd, an apparatus in which. 
this vapor is cooled again or condensed, and thus reconverted to the 
fluid state; and rd, a vessel to receive the fluid thus reproduced by 
the condensation of the vapor (the distillate). For the distillation of 
large quantities metallic apparatus are used (copper stills with head and 
condenser of tin), or large glass retorts; in analytical investigations we 
either use small retorts with receivers, or more usually an apparatus such 
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as is shown in fig. 7. The fluid to be distilled is boiled in A, and the 
vapor escapes through the tube which is fitted into the cork. The tube 
is surrounded with a wider tube which is filled with cold water. In 
proportion as the water cools the inner tube, it becomes heated itself, 
and consequently requires renewing continually or occasionally, which 
is done by pouring cold water in through d, after placing a vessel 
under g to catch the hot water which will run out. A small tlask serves 
as a receiver. 


& 11. 
10. IanıTıon. 


Ignition is, in a certain manner, for solid bodies what evaporation is 
with regard to fluids; since it serves (at least generally) to separate 
volatile substances from less volatile or from fixed bodies in cases where 
the residuary substance alone is of importance. The process of ignition 
always presupposes the application of a high temperature, in which - 
respect it differs from drying. The form or state which the eliminated 
substance assumes on cooling— whether it remains gaseous, as in the 
ignition of carbonate of lime; or assumes the liquid state, as in the 
ignition of hydrate of lime; or solidifies, as in the ignition of a mixture 
containing chloride of ammonium —is a matter of perfect indifference as 
regards the name given to the operation. 

The process of ignition is mostly employed, as has just been said, to 
effect the elimination of a volatile body. Mn some instances, however, 
substances are ignited ie for the purpose of modifying their state, 
without any volatilization taking place ; thus the sesquioxide of chromium 
is converted by ignition into the so-called insoluble modification, &c. 
In analytical investigations substances under examination are often 
ignited also, that the operator may from their deportment at a red heat 
draw a conclusion as to their nature in general, their fixity, their 
fusibility, the presence or absence of organic matter, &ec. 

Crucibles are the vessels generally made use of in ignition. In 
operations on a large scale Hessian or black-lead crucibles are used, 
heated by charcoal or gas; in analytical experiments small-sized cruci- 
bles or dishes are selected, of porcelain, platinum, silver, or iron, or 
glass tubes sealed at one end, according to the nature of the substances 
to be ignited; these crucibles, dishes, or tubes are heated over a Ber- 
zelius spirit-lamp, or a gas-lamp, or a bellows blowpipe. 


s 12. 
11. SUBLIMATION. 


The term sublimation designates the process which serves to convert 
solid bodies into vapor by the application of heat, and subsequently to 
recondense the vapor to the solid state by refrigeration ;—the substance 
volatilized and recondensed is called a sublimate. Sublimation is conse- 
quently a distillation of solid bodies. We have recourse to this process 
mostly to effect the separation of substances possessed of different 
degrees of volatility. Its application is of the highest importance in 
analysis for the detection of certain substances, e.g. of arsenic. The 
vessels used in subliınation are of various shapes, according to the 
different degrees of volatility of the substances operated upon. In 
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sublimations for analytical purposes we generally employ sealed glass 
tubes. When the sublimation is performed with the aid of a current of 
hydrogen or carbonic acid we use open glass tubes, which are usually 
made narrower just behind the part to which the heat is applied. 


& 13. 
12. Fusıon. 


Simple fusion is the conversion of a solid substance into the fluid 
form by the application of heat; it is most frequently resorted to for 
the purpose of effecting the combination or the decomposition of bodies. 
The term is also applied in cases where substances insoluble or dificult 
of solution in water and acids are by fusion in conjunction with some 
other body modified or decomposed in such a manner that they or the _ 
_ new-formed compounds will subsequently dissolve in water or acids. 

Fusion is conducted either in porcelain, silver, or platinum crucibles, 
according to the nature of the compound. The crucible is supported on 
a triangle of moderately stout platinum wire, resting on, or attached to, 
the iron ring of the Berzelius spirit-Jamp or the gas-lamp. Triangles 
of thick iron wire, especially when laid upon the stouter brass ring of 
the lamp, carry off too much heat to allow of the production of very 
high temperatures. Small quantities of matter are also often fused in 
glass tubes sealed at one end. 

Resort to fusing is especially required for the analysis of the sul- 
phates of the alkaline earths, and also for that of many silicates and 
alumina compounds. The flux most commonly used is carbonate of 
soda or carbonate of potassa, or, better still, a mixture of both in equal 
atomic proportions (see $ 76). In certain cases hydrate of baryta is 
used instead of the alkaline carbonates. 

For the fusion of aluminates, bisulphate of potassa or bisulphate of 
soda is frequently used. 

A platinum crucible is used for the fusion, whether alkaline car- 
bonates, hydrate of baryta, or alkaline bisulphates are employed. 

I have'to add here a few precautionary rules for the prevention of 
damage to the platinum vessels used in these operations. No substance 
evolving chlorine ought to be treated in platinum vessels; no nitrates 
of the alkalies, hydrate of potassa and soda, metals, or sulphides of 
metals or eyanides of the alkali metals should be fused in such vessels; 
nor should readily deoxidizable metallic oxides, or salts of the heavy 
metals with organic acids be ignited in them, or a ei in presence 
of organic compounds. It is also detrimental to platinum crucibles, 
and especially to their covers, to expose them direct to an intense char- 
coal fire, as the action of the ash is likely to lead to the formation of 
silicide of platinum, which renders the vessel brittle. It is always 
advisable to support platinum crucibles used in ignition or fusion on 
triangles of platinum wire. When a platinum crucible has been made 
white hot over the bellows blowpipe, it is unwise to cool it too quickly 
by suddenly turning off the gas, and allowing the cold blast to play upon 
it, since the crucible is under these eircumstances very liable to become 
slightly eracked. Platinum crucibles are cleaned by rubbing with wet 
sea-sand, the round grains of which do not scratch the metal. Where 
this fails to remove the stains the desired object may be attained by 
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fusing bisulphate of potassa or borax in the erucible, boiling subse- 
quently with water, and polishing finally with sea-sand. 


We have still to speak here of another operation which bears some 
affinity to fusion, viz.— 
$ 14. . 
13. DEFLAGRATION. 


We understand by the term deflagration, in a more general sense, 
every process of decomposition attended with noise or detonation—the 
cause of the decomposition being a matter of perfect indifference as 
regards the application of the term in this sense. We use tlıe same 
term, however, in a more restrieted sense, to designate the oxidation of 
a substance in the dry way, at the expense of the oxygen of another 
substance mixed with it (usually a nitrate or a chlorate), and connect 
with it the idea of a sudden and violent combustion attended with vivid 
incandescence and noise or detonation. 

Deflagration is resorted to either to produce the desired oxide—thus 
sulphide of arsenie is deflagrated with nitrate of potassa to obtain arse- 
nate of potassa; or it is applied as a means to prove the presence or 
absence of a certain substance—thus salts are tested for nitrie or chlorie 
acid by fusing them with eyanide of potassium, and observing whether 
they deflagrate, &c. To attain the former object the perfectly dr 
mixture of the substance and the deflagrating agent is projected in staat 
portions at a time into a red-hot crucible. Experiments of the latter 
description are invariably made with minute quantities preferably on a 
piece of thin platinum foil, or in a small spoon. 


$ 15. 
14. Tuer Use or THE BLowPIPE. 


This operation belongs exclusively to the province of analytical 
chemistry, and is of paramount importance in many 
analytical processes. We have to examine here the 
apparatus required, the mode of its application, and 
the results of the operation. 

The blowpipe fig. 8 is a small instrument, usually 
made of brass or German silver. It was originally 
used for soldering, whence it derived the name of 
soldering pipe (Löthrohr), by which the Germans de- 
signate it. It consists of three distinct parts; viz., 
lst, a tube a b, fitted, for greater convenience, with 
a horn or ivory mouthpiece, through which air is 
blown from the mouth; 2nd, a small eylindrical 
vessel ce. d, into which aD is screwed air-tight, and 
which serves as an air-chamber and to retain tne 
moisture of the air blown into the tube; and drd, a 
smaller tube ‚fg, also fitted into ed. This small 
tube, which forms a right angle with the larger one, 
is fitted at its aperture either simply with a finely 1 
perforated platinum plate, or more conveniently «ll 
with a finely perforated platinum cap (R). The 
construction of the cap is shown in fig. 9. It is, Fig. 8. 









ke N 
RIESE NR 


Fig. 9. 


16 THE USE OF THE BLOWPIPE. [$ 15. 


indeed, a little dearer than a simple plate, but it is also much more 
durable. If the opening of the cap gets stopped up, the obstruction may 
generally be removed by heating it to redness before the blowpipe. 

The proper length of the blowpipe depends upon the distance to 
which the operator can see with distinetness; it is usually from twenty 
to twenty-five centimetres. The form of the mouthpiece varies. Some 
i chemists like it of a shape to be encircled by the lips; 
others prefer the form of a trumpet mouthpiece, which 
is only pressed against the lips. Ihe latter requires less 
exertion on the part of the operator, and is accordingly 
generally chosen by those who have a great deal of 
blowpipe work. 

The blowpipe serves to conduct a continuous fine cur- 
rent of air into a gas-flame, or into the fame of a candle 
or lamp, or sometimes into a spirit-of-wine flame. The 
flame of a candle (and equally so that of gas or of an oil 
lamp), burning under ordinary circumstances, is seen 
to consist of three distinet parts, as shown in fig. 10, 
viz., 1st, a dark nucleus in the centre (a); *2nd, a 
luminous cone surrounding this nucleus (e fg) ; and, Srd, 
a feebly luminous mantle encircling the whole flame (bed). 
The dark nucleus is formed by the gases which the heat 
evolves from the wax or fat, and which cannot burn here 
for want of oxygen. In the luminous cone these gases come in contact 
with a certain amount of air insufficient for their complete combustion. 
In this part, therefore, it is principally the hydrogen of the carbides of 
hydrogen evolved which burns, whilst the carbon separates in a state of 
intense ignition, which imparts to the flame the luminous appearance 
observed in this part. In the outer coat the access of air is no longer 
limited, and all the matter not yet burned is consumed here. This 
part of the flame is the hottest, and the extreme apex is the hottest 
point ofit. Oxidizable bodies oxidize therefore with the greatest pos- 
sible rapidity when placed in it, since all the conditions of oxidation are 
here united, viz. high temperature and an unlimited supply of oxygen. 
This outer part of the flame is therefore called the owidizing flame. On 
the other hand, oxides having a tendency to yield up their oxygen 
suffer reduction when placed within the Juminous part of the flame, the 
oxygen being withdrawn from them by the carbon and the still uncon- 
sumed carbide of hydrogen there present. 'T’he luminous part of the 
flame is therefore called the redueing ‚flame. 

Now the effect of blowing a fine stream of air across a flame is, 
first, to alter the shape of the Hame, as, from tending upward, it is now 
driven sideways in the direction of the blast, being at the same time 
lengthened and narrowed; and, in the second place, to extend the 
sphere of combustion from the outer to the inner part. As the latter 
circumstance causes an extraordinary increase of the heat of the flame, 
and the former a concentration of that heat within narrower limits, it is 
easy to understand the exceedingly energetie action of the blowpipe 
flame. The way of holding the blowpipe and the nature of the blast 
will depend upon whether the operator wants a redueing or an oxidizing 
flame. The easiest way of producing most eflicient flames of both kinds 
is by means of coal-gas delivered from a jet, shaped as in fig. 11, the 
slit being 1 centimetre long and 14 to 2 millimetres wide; as with the 
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use of gas the operator is enabled to regulate not only the current of 
air, but that of the gas also. The task of keeping the blowpipe steadily 
in the proper position may be greatly facilitated by firmly resting that 
instrument upon some moveable metallie support, such as, for instance, 
the ring of Bunsen’s gas-lamp intended for supporting dishes, &e. 
Fig. 11 shows the flame for reducing, fig. 12 the flame for oxi- 
dizing. The luminous parts are shaded. i 





Fig. 11. 


The redueing „ame is produced by keeping the jet of the blowpipe 
just on the border of a tolerably strong gas flame, and driving a 
moderate blast across it. The resulting mixture of the air with the 
gas is only imperfect, and there remains between the inner bluish part 
of the flame and the outer barely visible part a luminous and reducing 
zone, of which the hottest point lies somewhat beyond the apex of the 
inner cone. To produce the owidizing flame, the gas is lowered, the jet 





Fig. 12, 


of the blowpipe pushed a little further into the flame, and the streneth 
of the current somewhat increased. This serves to effect an intimate 
mixture of the air and gas, and an inner pointed, bluish cone, slightly 
luminous towards the apex is formed, and surrounded bya thin, pointed 
light-bluish, barely visible mantle. The hottest part öf the Hame is at 
the apex of the inner cone. Difficultly fusible bodies are exposed to 
this part to effect their fusion ; but bodies to be oxidized are held a little 
beyond the apex, that there may be no want of air for their combustion. 
T. (6) 
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An oil-lamp with broad wick of proper thickness may be used instead 
of gas; a thick wax-candle also will do. For an oxidizing flame a 
small spirit-lamp will in most cases answer the purpose. 

The current is produced with the cheek muscles alone, and not with 
the lungs. The way of doing this may be easily acquired by practising 
for some time to breathe quietly with distended cheeks and with the 
blowpipe between the lips; with practice and patience the student will 
soon be able to produce an even and uninterrupted current. 

The supports on which substances are exposed to the blowpipe flame 
are generally either wood charcoal, or platinum wire or foil. 

Charcoal supports are used principally in the reduction of metallie 
oxides, &c., or in trying the fusibility of bodies. The substances to be 
operated upon are Pu into small conical cavities, scooped out with a 
penknife or with a little tin tube. Metals that are volatile at the heat 
of the reducing flame evaporate wholly or in part upon the reduction 
of their oxides; in passing through the outer flame the metallic fumes 
are re-oxidized, and the oxide formed is deposited around the portion 
of matter upon the support. Such deposits are called incrustations. 
Many of these exhibit characteristie colors, leading to the detection of 
the metals. Thoroughly-burnt pieces of charcoal only should be 
selected, otherwise they are apt to spirt and throw off the substance. 
The charcoal of the wood of the pine, linden, or willow, is greatly pre- 
ferable to that of harder woods, and woods which are richer in ash. 
Smooth pieces ought to be selected, as knotty pieces are apt to spirt 
when heated, and to throw off the substance. The most convenient 
way is to saw the charcoal of well-seasoned and straight-split pinewood 
into parallelo-pipedic pieces, and to blow or brush off the dust; they 
may then be handled without soiling the hands. Those sides alone are 
used on which the annual rings are visible on the edge, as on the other 
sides the fused matters are apt to spread over the surface of the charcoal 
(BERZELIUS). Small charcoal supports are sometimes sold, which have 
been made from powdered charcoal, mixed with rice or starch paste, 
and stamped into convenient shapes—they are very handy and clean. 

The properties which make chareoal so valuable as a material for 
supports in blowpipe experiments are—Ist, its infusibility; ®2nd, its 
low conducting power for heat, which permits substances being heated 
more strongly upon a charcoal than upon any other support; rd, its 
porosity, which makes it imbibe readily fusible substances, such as 
borax, carbonate of soda, &e., whilst infusible bodies remain on the 
surface; 4th, its reducing power, which greatly contributes to the 
reduction of oxides in the inner blowpipe flame. 

We use platinum wire, and occasionally also platinum foil, in all 
oxidizing processes before the blowpipe, and also when fusing substances 
with fluxes, with a view to try their solubility in them and to watch tlıe 
phenomena attending the solution, and mark the color of the bead; 
lastly, also to introduce substances into the flame, to see whether they 
will color it. The wire is cut into lengths of 3 centimetres, and each 
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length twisted at both ends into a small loop (fig. 13). When alred 
for use, the loop is moistened with a drop of water, then dipped into 
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the powdered flux (where a flux is used), and the portion adhering 
fused in the flame of a gas- or spirit-Jamp. When the bead produced, 
which sticks to the loop, is cold, it is moistened again, and a small 
portion of the substance to be examined put on and made to adhere to 
it by the action of a gentle heat. The loop is then finally exposed, 
according to eircumstances, to the inner or to the outer blowpipe Hame. 

What renders the application of the blowpipe particularly useful in 
chemical experiments is the great expedition with which the intended 
results are attained. These results are of a twofold kind, viz., either 
they afford us simply an insight into the general properties of the body, 
and enable us accordingly only to determine whether it is fixed, volatile, 
fusible, &e.; or the phenomena which we observe enable us at once to 
recognise the particular body which we have before us. We shall have 
occasion to describe these phenomena when treating of the deportment 
of the different substances with reagents. 


As in the use of the blowpipe one hand is always necessarily en- 
gaged, and the production of a continued blast requires practice and 
some slight exertion, and as, lastly, it is not very easy to maintain the 
blowpipe flame always steadfastly, so that the substances exposed to it 
are un der kept in the desired parts of the flame, many chemists 
have long been endeavonring to devise some self-acting blowpipe ap- 
en and many contrivances of the kind have been proposed and 
ıave found favour. In some of them the air-current is produced by 
means of a gasometer, in others by means of a caoutchouc balloon, in 
others again by a species of hydrostatic blast, &c. But the simplest 
self-acting blowpipe apparatus, by which most of the objects attainable 
with the Dlowpipe may be most suitably and conveniently accomplished, 
is the Bunsen gas-lamp, provided with a chimney, which burns without 
luminosity and without soot. A description of this lamp follows in the 
next paragraph. 


$ 16. 
15. Tue Use or LamPps, PARTICULARLY OF GAS-LAMPS,. 


As we have to deal mostly with smaller quantities of matter only, 
we use in processes of qualitative analysis requiring the application of 
heat, such as evaporation, distillation, ignition, &c., generally lamps, 
either spirit-lamps or, where coal-gas is obtainable, most advantageously, 
gas-lamps. 

Of spirit-lamps there are two kinds in use, viz., the simple spirit- 
lamp, as shown in fig. 16, and the Berzelius lamp with double draught 
Hi. 14). In the construction of the latter lamp it should be borne in 
mind that the part containing the wick and the vessel with the spirit 
must be in separate pieces, connected enly by means of a narrow tube; 
otherwise troublesome explosions are apt to occur in lighting the lamp. 
Nor should the chimney be too narrow, or the stopper fit air-tight on 
the mouth through which the spirit is poured in. A lamp should be 
selected that may be readily moved up and down the pillar of the stand, 
which must be fitted with a moveable brass ring to support dishes and 
tlasks in processes of ebullition, and aring of moderately stout iron wire 
to support the triangle for holding the crucibles in the processes of 
ignition and fusion. Of the various forma of lamps in use, the one shown 

od 
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in fig. 14 is the most suitable and elegant. Fig. 15 shows a triangle of 
platinum wire fixed within an iron wire ring; this serves to support the 
crucible in processes of ignition. Glass vessels, more particularly 





Fig. 15. 





beakers, which it is intended to heat over the lamp, are most conve- 
niently rested on a piece of gauze made of fine iron wire such as is 
used in making sieves of medium fineness. 

Of the many gas-lamps proposed, BunsEn’s, as shown in its simplest 
form in figs. 17 and 18, is the most convenient. «a b isa foot of cast 
iron measuring 7 cm.in diameter. In the centre of this is fixed a square 
brass box, c d, which slightly tapers towards the top; the sides of this 
box are 25 mm. high, and 16 mm. wide; it has a eylindrical cavity of 
12 mm. deep, and 10 mm. in diameter. Each side of the box has, 4 
mm. from the upper rim, a cireular aperture of 8 mm. diameter, leading 
to the inner cavity. One of the sides has fitted into it, 1 mm. below 
the circular aperture, a brass tube, which serves for the attachment of 
the India-rubber supply tube. This brass tube is turned in the shape 
shown in fig. 17; it has a bore of 4 mm. The gas conveyed into it 
re-issues from a tube in the centre of the cavity of the box. This tube, 
which is 4 mm. thick at the top, thicker at the lower end, projeets 3 
mm. above the rim of the box ; the gas issues from a narrow opening: 
which appears formed of 3 radii of a circle, inclined to each other at an 
angle of 120°. The length of each radius is 1 mm.; the opening of 
the slit is 4 mm. wide; e f is a brass tube 95 mm. long, open at both 
ends, with a bore of 9 mm.; the screw at the lower end of this tube 
fits into the upper part of the cavity of the box. With this tube serewed 
in, the lamp is completed. On opening the stop-cock, the gas rushes 
into the tube e,f, where it mixes with the air coming in through the 
circular apertures. When this mixture is kindled at f, it burns with a 
a upright, bluish flame, entirely free from soot, which may be 
regulated at will by opening the stop-cock more or less; a partial open- 
ing of the cock. suflices to give a flame fully answering the purpose of 
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the common spirit-lamp; whilst with the full stream ot gas turned on, 
the flame, which will now rise up to 2 decimetres in height, affords a most 
excellent substitute for the Berzelius lamp. If the Name is made to 
burn very low, it will often occur that it recedes; in other words, that 
instead of the mixture of gas and air burning at the mouth of the tube 
ef, the gas takes fire on issuing from the slit, and burns below in the 
tube. This defect may be perfectly obviated by covering the tube e f 
at tlie top with allittle wire gauze cap. Flasks, &c., which itis intended 

























































































Fig. 17. 


to heat over the gas-lamp, are most conveniently supported on a gauze- 
plate. We give this name to a square piece of thin iron plate to which a 
piece of wire gauze of equal size is riveted, asshown infig. 19. We can 
also use simple wire gauze, but this rapidly burns 
through in the middle, and does not otter the 
same protection against the cracking of beakers 
or flasks. If it is wished to use the gas-lamp 
for blowpipe operations, the tube 4A must be 
inserted into ef; this tube terminates in a flat- 
tened top slanting at an angle of 68° to the 
axis, and having an opening in it l cm. long, 
and 13 t0o2 mm. wide. The insertion of g h into 
ef serves to close up the air-holes in the box, and 
pure gas, burning with a luminous tlame, issues 
accordinely now from the top of thetube. Fig. 
13 shows the apparatus complete, fixed in the fork of an iron stand ; 
this arrangement permits the lamp being moved backward and forward 
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between the prongs of the fork, and up and down the pillar of the stand. 
The moveable ring on the same pillar serves to support the objects to 
be operated upon. The 6 radii round the tube of the lamp serve to 
support an IEOHER A chimney (see fig. 23), or a porcelain plate used in 
yses. 


quantitative ana 
To heat cruciblesto the brightest red heat, 
or to a white heat, the bellows blomwpipe is re- 
sorted to. But even without this the action 
of the gas-Jamp may be considerably height- 
ened by heating the crucible within a small 
clay furnace, as recommended by O. L. Erp- 
MANN. Fig. 20 shows the simple contrivance 
by which this is effected. The furnaces are 
115 mm. high, and measure 70 mm. diameter 
in the clear. 'The thickness of material is 
8Smm. Ifthe ordinary Bunsen burner is not 
sufliciently strong for any purpose, the three- 
Bunsen burner (fig. 21) may be used. 
Fig. 20. Bunsen has devised a more perfect form 
of this lamp* to render the flame a more 
complete substitute for the blowpipe flame, namely, for reducing, 















































Fig. 2. Fig. 23. 


oxidizing, fusing, and volatilizing, and for the observation of the 
coloration of flame ($ 17). This improved form of the lamp is 


* Annal. d. Chem. u. Pharm., 111, 257 and 138, 257. Also Zeitschr. f. anal. 
Chem., 5, 351. 
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shown in fig. 22, a is a sheath, which can be turned round for zei 
lating the flow of air. When in use the conical chimney dd dd (fig. 23) 
is placed on ee, it is of such dimensions that the flame may burn 
tranquilly. Fig. 23 shows the flame half its natural size. In this 
three parts are at once apparent, namely, 1. aaaa the dark cone, which 
contains the cold gas mixed with about 62 per cent. of air, 2.acab 
the mantle formed by the burning mixture of gas and air, 3. aba the 
luminous tip of the dark cone, which does not appear unless the air- 
holes are somewhat closed. The latter is useful for reductions. 

Such are thethree prineipal parts of the flame, but Bunsen distin- 
guishes no less than six parts, which he names as follows. 

1. The base at a, which has a relatively low temperature, because 
the burning gas is here cooled by the constant current of fresh air, and 
also because the lamp itself conducts the heat away. This part of the 
tlame serves for discovering the colors produced by readily volatile 
bodies when less volatile bodies which color tlıe flame are also present. 
At the relatively low temperature of this part of the flame the former 
volatilize alone instantaneously, and the resulting color imparted to the 
flame is for a moment visible unmixed with other colors. 

2. The fusing zone. This lies at 8, at a distance from the bottom of 
somewhat more than one-third of the height of the flame, equidistant 
from the outside and the inside of the mantle, which is broadest at this 
part. This is the hottest part of the flame, namely, about 2300°, and it 
therefore serves for testing substances as to their fusibility, volatility, 
emission of light, and for all processes of fusion at a high temperature. 

3. The lower owidizing zone lies in the outer border of the fusing zone 
at y, and is especially suitable for the oxidation of oxides dissolved in 
vitreous fluxes. 

4. The upper ozidizing ‚flame at e consists of the non-luminous tip of 
the flame. Its action is strongest when the air-holes of the lamp are 
Ally open. It is used for the roasting away of volatile products of 
oxidation, and generally for all processes of oxidation where the very 
highest temperature is not required. 

d. The lower redueing zone lies at ö in the inner border of the fusing 
zone next to the dark cone. The reducing gases are here mixed with 
oxygen, and therefore do not possess their full power, hence they are 
without action on many substances which are deoxidized in the upper 
reducingflame. This part of the ame is especially suited for reduction 
on charcoal or in vitreous fluxes. 

6. The upper reducing ‚flame lies at n in the luminous tip of the dark 
inner cone, which, as I have already explained, may be produced by 
diminishing the supply of air. This part of the flame must not be 
allowed to get large enough to blacken a test-tube filled with water 
and held in it. It contains no free oxygen, is rich in separated incan- 
descent carbon, and therefore has a much stronger action than the lower 
reducing zone. It is used more particularly for the reduction n* metals 
collected in the form of incrustations. 

With the help of a gas flame of this description we can ubtain as 
high a temperature as with the blowpipe, and even hırher if the 
radiating surface of the substance is made as small as possible; and by 
the use of the different parts of the flame processes of reduction and of 
oxidation may be carried out with the greatest convenience. 

In order to study the deportment of bodies at a high temperature, namely, 
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their emission of light, fusibility, volatility and power of coloring 
flame, they are introduced into the flame in the loop of a platinum 
wire, which should be barely thicker than a horse hair. Should the 
substance attack platinum, a little bundle of asbestos is used, which 
should be about one-fourth the thickness of a match. Decrepitating 
substances are first very finely powdered, then placed on a strip of 
moistened filter-paper about a square centimetre in surface, and this is 
cautiously burnt between two rings of fine platinum wire. The sub- 
stance now presents the appearance of a coherent crust and may be 
held in the flame without difieulty. For 
testing fluids to see whether they contain 
a substancee which colors flame, the 
round loop of the fine platinum wire is 
flattened on an anvil to the form of a 
smallring. This is dipped into the fluid, 
and then withdrawn, when a drop will be 
found attached to the ring. This drop 
is: held near the flame and allowed to 
evaporate without boiling, after which 
the residue may be conveniently tested. 

If bodies are to be exposed for a con- 
siderahble time to the action of 
nur the flame, the stand, fig. 24, is 
used. 4A and B are provided 
with springs, and can be easily 
moved up and down. On Ais 
the arm a intended for the sup- 
port of the platinum wire fixed 
in a glass tube (fig. 25); also 
another little arrangement to 
hold the glass tube D with its 
bundle of asbestos fibres d. B 
bears a clip for the reception 
of a test tube, which in certain 
cases has to be heated for a \ 
considerable time in a definite pi, 95 

. | g. 25. 
part of the flame. C serves to 
hold the various platinum wires fixed in 
glass tubes. 

Experiments of reduction are performed 
either with tlie aid of a suitable reducing 
agent in a small glass tube, or with the 
aid of a little stick of charcoal. Im order 
to prepare the latter, BunsEn recom- 
mends to hold an uneflloresced crystal 
of carbonate of soda near the flame, and then having taken off 
the head of a match to smear three-fourths of its length with the 
wet mass produced by warming the crystal. The match is then slowly 
rotated on its xis in the flame, when a crust of solid carbonate 
of soda will form on the carbonized wood, and on heating in the 
fusing zone of tlıe flame this crust will be melted and absorbed by tlıe 
churcoal. The little stick of charcoal will now in a measure be pro- 
tected from combustion. The substance to be tested is made into a 
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paste, with a drop of melted crystallized carbonate of soda, and a mass 
about the size of a millet-seed is taken up on the point of the carbonized 
match, it is then first melted in the lower oxidizing flame, and after- 
wards moved through a portion of the dark cone into tlıe opposite 
hottest part of the lower redueing zone. The reduction will be rendered 
evident by the effervescence of the carbonate of soda. After a few 
moments the action is stopped by allowing the substance to cool in the 
dark cone ofthe flame. If, finally, the point of the carbonized match 
is cut off and triturated with a few drops of water in a small agate 
mortar, the reduced metal will be obtained in the form of sparkling 
fragments which may be purified by elutrıation, and if necessary more 
minutely examined. 

Volatile elements which are redueible by hydrogen and carbon may 
be separated as such or as oxides from their combinations and depo- 
sited on porcelain. These deposits are called inerustations, they are 
thicker in the middle, and become thin towards the edges. They may 
be converted into iodides, sulphides, and other combinations, and may 
thus be further identified. "These reactions are so delicate that in many 
cases a quantity of from „1; to 1 mgrm. is suflicient to exhibit them. 

The metallic inerustation is obtained by holding in one hand a small 
portion ofthe substance on asbestos in the upper reducing flame, and 
in the other hand a glazed porcelain dish, from 1 to 1'2 decimetres 
in diameter, filled with water, close over the asbestos in the upper re- 
dueing tlame. The metals separate as sooty or mirror-like incrustations. 

If the substance is held as just directed, and the porcelain dish is 
held in the upper oxidizing flame then an inerustation of owide is obtained. 
In order to be sure of getting it, the flame must be comparatively 
small if the portion of substance is 
minute. To turn the incrustation of 
oxide into an inerustation of iodide, let 
the dish covered with the oxide cool, 
breathe on it, and place it on the wide- 
mouthed bottle, fig. 26. This bottle 
contains iodide of phosphorus, which 
has been allowed to deliquesce and be- 
come converted into fuming hydriodic ne = 
acid and phosphorous acid, it should have Fig. 26. 
an air-tight glass stopper. If the hydri- 
odie acid has become so moist that it has ceased to fume it may be restored 
to its proper condition by the addition of anhydrous phosphorie acid. 
Toturn the incrustation of iodide into an inerustation of sulphide, direct a 
current of air containing sulphide of ammonium upon it, breathing 
upon the dish occasionally, then drive off the excess of sulphide of 
ammonium by gentle warming. 

If more considerable quantities of the metallic incrustation are re- 
quired for further experiments, the porcelain dish is replaced by a test- 
tube half filled with water (D, fig. 24), in which a few pieces of marble 
should be placed to prevent bumping when the water is subsequently 
boiled. In this case the asbestos (d) with the substance on it is fixed at 
the same height as the middle of the upper reducing flame, the test-tube 
is fixed with its bottom just over the asbestos as shown in the figure, 
and then the lamp is moved just under the test-tube. The substance 
thus comes within the reducing tlame and the metallic inerustation forms 
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on the bottom of the test-tube. The incrustation may be obtained as 
thick as is wished by renewal of the substance. 


& 17. 


16. OBservarıon OF THE ÜOLORATION OF FLAME AND 
SPECTRUM ANALYSIS. 


Many substances have the property of coloring a colorless Name in 
a very remarkable manner. As most of these substances impart a 
different and distinct, and accordingly characteristic, tint to the fHlame, 
the observation of this colorization of Hame affords an excellent, easy, 
and safe means of detecting many of these bodies. T’hus, for instance, 
salts of soda impart to flame a yellow, salts of potassa a violet, salts of 
lithia a carmine tint, and may thus be easily distinguished from each 
other. 
The flame of Bunsexv’s gas-lamp, with chimney, described in $ 16, 
' and shown in fig. 22, is more par- 
ticularly suited for observations of 
the kind. The substances to be 
examined are put on the small 
loop of a fine platinum wire, and 
thus, by means of the holder 
shown in fig. 24, or the more 
simple one, fig. 27, placed in the 
fusing zone of the gas-Hame. A 
particularly striking coloration is 
Imparted to the tlame by the salts 
of the alkalies and alkaline earths. 
If different salts of one and the 
same base are compared in this 
way, it is found that every one of 
them, if atall volatile at high tem- 
peratures, or permitting at least 
the volatilization of the base, im- 
parts the same color to the fHlame, 
only with different degrees ot in- 
tensity, the most volatile of the 
salts producing also the most in- 
tense coloration; thus, for in- 
stance, chloride of potassium gives 
a more intense coloration than 
carbonate of potassa, and this 
latter again a more intense one 
than silicate of potassa. In the 
case of diffieultiy volatile com- 
- pounds, the coloration of the flame 
may often be brought about, or made more apparent, by adding: some 
other body which has the power of decomposing the compound under 
examination. Thus, for instance, in silicates containing only a few per- 
cents of potassa, the latter body cannot be directly detected by colora- 
tion of tlame ; but this detection may be accomplished by adding a little 
pure gypsum, as this will cause formation ot silicate of lime and sul- 
phate of potassa, a salt which is sufliciently volatile. 
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But. however decisive a test the mere coloration of flame affords for 
the detection of certain metallic compounds, when present unmixed 
with others, this test becomes N quite useless in the case of 
mixtures of compounds of several metals. Thus, for instance, mixtures 
of salts of potassa and soda show only the soda flame, mixtures of salts 
of baryta and strontia only the baryta flame, &c. This defect may be 
remedied, however, in two ways, with the most surprising success. 
Both ways have only recently been discovered. 

The first way introduced by CARTMELL,* and perfected afterwards 
by Bunsent and by Merz,t consists in looking at the colored flame 
through some colored medium (colored glasses, indigo solution, &c.). 
Such colored media, in effacing the flame coloration of the one metal, 
bring out that of the other metal mixed with it. For instance, if a 
mixture of a salt of potassa and a salt of soda is exposed to the flame, 
the latter will only show the yellow soda coloration ; but if the flame 
be now looked at through a deep-blue cobalt glass, or through solution 
of indigo, the yellow soda coloration will disappear and will be replaced 
by the violet potassa tint. A simple apparatus suffices for all observa- 
tions and experiments of the kind; all that is required for the purpose 
being, — 

Tl. A hollow prism (fig. 28) composed of mirror plates, the chief 
section of which forms a triangle with two sides of 150 mm., and one 
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Fig. 28. 


side of 35 mm. length. The indigo solution required to fill this Be 
is prepared by dissolving 1 part of indigo in 8 parts of fuming sulphurie 
acid, adding to the solution 1500-2000 parts of water, and filtering. 
When using this apparatus, the prism is moved in a horizontal direction 
close before the eyes in such a way thatthe rays ofthe flame are made to 
penetrate successively thicker and thicker layers of the effacing medium. 

2. A blue, a violet, a red, and a green glass. The blue glass is 
tinted with protoxide of cobalt; the violet glass with sesquioxide of 
manganese; the red glass (partly colored, partly uncolored) with sub- 
oxide of copper; and the green glass with sesquioxide of iron and 
protoxide of copper. The common colored glass will generally be found 
to answer the purpose. As regards the tints imparted to the flame by 
the different bodies, when viewed through the aforesaid media, and the 
combinations, by which these bodies are severally identified, the 
information required will be found in Section III., in the paragraphs 
treating of the several bases and acids. 

The second way, which is called Spectrum Analysis, was introduced by 
KIRCHHoFF and Bunsen. It consists in letting the rays of the colored 
tlame pass first through a narrow slit, then through a prism, and ob- 
serving the so refracted rays through a telescope. A distinet spectrum 


* Phil. Mag., 16, 328. + Annal. d. Chem. u. Pharm., 111, 257. 
+ Journ. f. prakt. Chem., &0, 487. 
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is thus obtained for every flame-coloring metal: this spectrum consists 
either, as in the case of baryta, of a number of colored lines lying side 
by side; or, as in the case of lithia, of two separate, differently-colored 
lines; or, as in the case of thallium, of a single green line. These 
Spectra are characteristic in a double sense—viz., the spectrum lanes 
have a distinet color, and they occupy also a fixed position. 

It is this latter eireumstance which enables us to identify without 
difieulty, in the spectrum observation of mixtures of flame-coloring 
metals, every individual metal. Thus, for instance, a flame in which a 
mixture of potassa, soda, and lithia salts is evaporated, will give, side by 
side, the spectra of the several metals in the most perfect purity. 

Kırcnnorr and Bunsen have constructed two kinds of apparatus, 
which are both of’ them suited for spectrum observation, and enable the 
operator to determine by measure tlıe positions in which the spectrum 
lines make their appearance. Both are constructed upon the same 
principle. A description, with illustration, of the larger of the two, 
which is also the most perfect one, has been published in PoGGEnx- 
DORFF'S Annalen, 113, 374, and in the Zeitschrift für Analytische Chemie, 
1862, 49. The smaller, more simple, and accordingly cheaper apparatus, 
which suflices for all common purposes, and is used most in chemical 
laboratories, we will describe here. It is shown in fig. 29 a: 


























Fig.. 29 a. 


A is an iron disk, in the centre of which a prism, witlı eircular re- 
fracting faces of about 25 mm. diameter, is fastened by a bow, which 
presses upon the upper face of the prism, and is secured below to the 
iron plate by a screw. The same disk has also firmly fastened to it the 
three tubes B, C, and D. Each of these tubes is soldered to a metal 
block, of which fig. 29 d gives an enlarged representation. This block 
contains the nuts for two screws, which pass through wider openings in 
tie iron plate, and are firmly secured beneath when the tube has been 
adjusted in the proper position. 2 is the observation telescope; it has 
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a magnifying power of about 6, with an object-glass of 20 mm. diameter. 
The tube C’is closed at one end by a tin-foil disk, into which the per- 
pendicular slit is cut through which the light is admitted.* The tube 
D carries a photographic copy of a millimetre-scale, produced in the 
camera obscura on a glass plate of about one-fifteenth the original 
dimensions. This scale is covered with tin-foil, with the exception ot 
the narrow strip upon which the divisional lines and the numbers are 
engraved. It is lighted by a gas or candle-flame placed close behind it. 

The axes of the tubes B and Dare directed, at the same inclination, 
to the centre of one face of the prism, whilst the axis of the tube € is 
directed to the centre of the other face. This arrangement makes the 
spectra produced by the refraction of the colored light passing through 
C, and the image of the scale in D produced by total reflection appear 
in one and the same spot, so that the positions oceupied by the spectrum 
lines may be read off on the scale. The prism is placed in about that 
position in which there is a minimum divergence of the rays of the 
sodium line; and the telescope is set in that direetion in which the red 
and the violet potassium lines are about equidistant from the middle of 
the field of view. 

The colorless Aame into which the flame-coloring bodies are to be in- 
troduced, is placed 10 cm. from 
the slit. Bunsen’s lamp, shown 
in fig. 22, gives the best flame. 
Thelamp is adjustedsoasto place 
the upper border of the chimney 
about 20 mm. below the lower 
end of the slit. When this lamp 
has been lighted, and a bead ot 
substance—say of sulphate ot 
potassa—introduced into the 
fusing zone by means of the 
holder shown in fig. 27, the 
iron disk of the spectrum appa- 
ratus, which, with all it carries, 
is moveable round its vertical 
axis, is turned until the point is 
reached where the luminosity of 
the speetrum is the most intense. 

To cut off foreign light in 
all spectrum observations, the 
centre part of the apparatus is 
covered with a black cloth or 
card-board box. 

REXROTH’S spectroscope, 





fig. 30, may be safely recom- Be (8 
mended as useful and econo- REED, 
mical.+ It is very different in Fig. 30. 


its arrangement from the appa- 

ratus just described. DD is a cylinder fixed onto the heavy disk a, 

and closely covered by ce. de is a telescope, and ©Z a bent tube, 
* This arrangement is not very strong. For laboratories a more solid material 


such as brass would be much better than tin-foil. 
+ Zeitschrift f. anal. Chem., 3, 443. 
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which are fastened to ce; öl is so drawn that its internal construction 
Ba! be plainly exhibited, !isa moveable slit, % is a reflecting prism, 
and mis alens. The rays coming through the slit are made parallel 
by m, and then reflected from the mirror gonto the flint-glass prism f, 
by which they are refracted up the telescope. By means of the screw % 
it is possible to move y round a horizontal axis, and thus to bring the 
different points of the spectrum one after the other into the middle of 
the field of view. Opposite that side of, ffrom which the rays leave the 
prism, is a side tube, o, containing the photographed scale and » being 
a lens by which the rays coming from o are made parallel ; the rays 
are thus reflected from the upper face of the prism into the telescope, 
and become visible simultaneously with the spectrum. The scale is 
fixed, and being lighted by a small oil-lamp or a gas flame, is equally 
visible throughout the whole field of view. The sodium line is set by 
means of h, so that in the case of lines which are remote from each other, 
as for instance the blue potassium lines, we are enabled to read. off their 
Positions very conveniently on the scale, by moving the sodium line 
20 divisions towards the left, and thus bringing the linesto be measured 
more into the middle of the field of view. Under these eircumstances 
we should have to add 20 to the number read off, and on the other hand, 
if the sodium line were moved 20 divisions towards the right, in order 
to bring a red line more into the middle, 20 would have to ’e subtracted 
from the number read off. 

The spectra produced by the alkalies, the alkaline earths, thallium 
and indium are shown in the picture at the commencement of the book. 
The solar spectrum has been added simply as a guide to the position 
and bearings of the lines. The spectra are represented as they appear 
in the apparatus furnished with an astronomic telescope. In the third 
section, in the chapters treating of the several bodies, attention will be 
called to the lines which are most characteristic for each metal. Here 
I will simply state the manner in which the highest degree of certainty 
is imparted to spectrum analysis. This is done by exposing the beads 
of the pure and unmixed metallic compounds to the flame, and marking 
on copied scales the Pa which the most Be spectrum lines 
occupy on the scale of the apparatus, in the manner shown, by way of 
illustration, in fig. 2 of the pieture, with regard to the strontium spectrum. 
It is self-evident that the spectrum of an unknown substance can only 
pass for the strontium spectrum, if the characteristic lines not-only agree 
with those of the latter in point of color, but appear also in exactly the 
same position where they are marked on the strontium scale. 

The drawings of such scales every operator must, of course, make 
for his own apparatus; and they become useless for the intended pur- 
pose if any alteration is made in the position of the prism or the scale. 
It is therefore always advisable to set the apparatus so that it can be 
easily readjusted to its original position, which is most readily done 
by making the left border of the sodium line coineide with the number 
50 of the scale. 

With the introduction of speetrum analysis a new era has, in many 
respects, begun for chemical analysis, as by means of this discovery we 
can deteet such minute quantities of bodies as by no other method. 
Spectrum analysis is marked moreover by a certainty above all doubt, 
and gives results in a few seconds, which could formerly be obtained 
only, if at all, in hours or days. 
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ZEBENDIS TO SECTION 1. 
& 18. 
AÄPPARATUS. 


"As many students of chemical analysis might find some difheulty in 
the selection of the proper apparatus, I append here a list of the articles 
which are actually required for the performance of simple experiments 
and investigations, together with instructions to guide the student in 
the purchase or making of them. 

1. A Berzeuıvs Spirit Lamp ($ 16, fig. 14). 

2. A Grass Srırır Lamp ($ 16, fig. 16). Or, instead of these two, 
where coal-gas is procurable, a Bunsen’s Gas-lamp, best one with 
chimney ($ 16, figs. 17, 18, and 22). 

3. A BLOWPIPE (see $ ]5). 

4. A PLATINUM CRUCIBLE. Select a crucible which will contain 
about a quarter of an ounce of water, with a cover shaped like a shal- 
low dish ; it must not be too deep in proportion to its breadth. 

5. PLATINUM FOIL, as smooth and clean as possible, and not very 
thin : lengtlı about 40 mm.; width about 25 mm. 

6. PLatınum wire (see p. 18 and 24). Three stronger wires and 
three finer wires are amply suflieient. They are kept most conveniently 
in a glass filled with water, most of the beads being dissolved by that 
fluid when left in contact with it for some time; tlie wires may thus be 
kept always clean. i 

7. ASTAND WITH TWELVE TEST TUBES—16 to 18 cm. is about the 
proper length of the 
tubes, from 1to 2 cm. the 
proper width. The tubes 
must be made of thin 
white glass, and so well 
annealed that they do 
not crack even though | 
boiling water be poured | 
into them. 'The rim must 
be quite round, and 
slightly turned over; it 
ought not to have a lip, 
as this is useless and 
simply prevents the tube 
being closely stopped 
with the finger, and also 
shaking the contents. Fig. 31. 

The stand shown in 
fig. 31 will be found most suitable. The pegs on the upper shelf serve 
for the clean tubes, which may thus be well drained. 

8. SEVERAL BEAKERS AND SMALL FLASKS of thin, well annealed 
glass. 

9. SEVERAL PORCELAIN EVAPORATING DISHES, AND A VARIETY 
OF SMALL PORCELAIN CRUCIBLES. Those of the royal manufacture 
of Berlin are unexceptionable, both in shape and durability. Meissen 
and Nymphenburg porcelain will also answer the purpose. 
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10. SEVERAL GLASS FUNNELS of various size. They must be 
Si at an angle of 60°, and merge into the neck at a definite 
angle. 

11. A wAsHING BOTTLE ofa capacity of from 300 to 400 e.e. (see $ 7). 

12. SEVERAL GLASS RODS AND GLASS TUBES. The latter are bent, 
drawn out, &c., over a Berzelius lamp or gas-lamp; the former are 
rounded at the ends by fusion. 

13. A selection of WATCH-GLASSES, 

14. A small AGATE MORTAR. 

15. A pair of small STEEL or BRASS PINCERSs, about four or five 
inches long. 

16. A WOODEN FILTER STAND (see $ 5). 

17. A TrıPpoD of thin iron, to support the dishes, &e., which it is 
intended to heat over the small spirit or gas lamp. 

18. The Colored Glasses described in $ 17, especially blue and green. 
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A VARIETY of phenomena may manifest themselves upon the decom- 
position or combination of bodies. In some cases liquids change their 
color, in others precipitates are formed; sometimes effervescence takes 
place, and sometimes deflagration, &. Now if these phenomena are 
very striking, and attend only upon the action of two definite bodies 
upon one another, it is obvious that the presence of one of these bodies 
may be detected by means of the other: if we know, for instance, that 
a white precipitate of certain definite properties is formed upon mixing 
baryta with sulphurie acid, it is clear that, if upon adding baryta to any 
liquid, we obtain a precipitate exhibiting these properties, we may con- 
clude that this liquid contains sulphuric acid. 

Those substances which indicate the presence of others by any 
striking phenomena are called reagents. 

According to the different objects attained by the application of these 
bodies, we make a distinction between general and special reagents. By 
general reagents we understand those which serve to determine the class 
or group to which a substance belongs; and by special reagents those 
which serve to detect bodies individually. That the line between the 
two divisions cannot be drawn with any degree of precision, and that 
one and the same substance is often made to serve both as a general and 
a special reagent, cannot well be held a valid objection to this classifi- 
cation, which is in fact simply intended to induce a habit of employing 
reagents always for a settled purpose—viz., either simply to find out the 
group to which the substance belongs, or to determine the latter in- 
dividually. 

Now whilst the usefulness of general reagents depends principally 
upon their efliciency in strictly characterizing groups of bodies, and often 
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effecting a complete separation of the bodies belonging to one group from 
those belonging to another, that of special reagents depends upon their 
being characteristic and sensitive. e call a reagent characteristie, if 
the alteration produced by it, in the event of the body tested for being 
present, is so Te netie marked as to admit of no mistake. Thus iron is 
a characteristic reagent for copper, protochloride of tin for mercury, 
because the phenomena produced by these reagents—viz., the separation 
of metallic copper and of globules of mereury—admit of no mistake. 
We call a reagent sensitive or delicate, if its action is distincetly percep- 
tible, even though a very minute quantity only of the substance tested 
for be present; such is, for instance, the action of starch upon iodine. 

Very many reagents are both characteristic and delicate ; thus, for 
instance, terchloride of gold for protoxide of tin; ferrocyanide of potas- 
sium for sesquioxide of iron and oxide of copper, &e. 

I need hardly mention that, as a general rule, reagents must be che- 
mically pure—i.e., they must consist purely and simply of their essential 
constituents, and must contain no admixture of foreign substances. We 
must therefore make it an invariable rule-to test the purity of our re- 
agents before we use them, no matter whether they be articles of our 
own production or purchased. Although the necessity of this is fully 
admitted on all hands, yet we find that in practice it is too often neg- 
leeted ; thus it isby no means uncommon to see alumina entered among 
the substances deteeted in an analysis, simply because the solution of 
potassa used as one of the reagents happened to contain that earth; or 
iron, because the chloride of ammonium used was not free from that 
metal. The directions given in this section for testing the purity of the 
several reagents refer, of course, only to the presence of foreign matter 
resulting from the mode of their preparation, and not to mere accidental 
admixtures. j 

One of the most common sources of error in qualitative analysis pro- 
ceeds from missing the proper measure—the right quantity—in the 
application of reagents. Such terms as “ addition in excess,” “ super- 
saturation,” &e., often induce novices to suppose that they cannot add 
too much of the reagent, and thus some will fill a test tube with acid, 
simply to supersaturate a few drops of an alkaline fluid, whereas ever 
drop of acid added, after the neutralization point has once been ee 
is to be looked upon as an excess of acid. On the otlıer hand, the addi- 
tion of an insufieient amount is to be equally avoided, since a reagent 
added in insufficient quantity often produces phenomena quite different 
from those which will appear if the same reagent be added in excess: 
e.g., a solution of eikarid of mercury yields a white precipitate if tested 
with a small quantity of hydrosulphurie acid ; but if treated with the 
same reagent in excess, the precipitate is black. Experience has, how- 
ever, proved that the most common mistake beginners make, is to add 
the reagents too copiously. One reason why this over-addition must 
impair the accuracy of the results is obvious; weneed simply bear in 
mind that the chanees effected by reagents are perceptible within cer- 
tain limits only, and that therefore they may be the more readily over- 
looked the nearer we approach these limits by diluting the fluid. 
Another reason is in the fact that a large excess of a reagent will often 
have a solvent or modifying action upon a preeipitate or color, and will 
entirely prevent the exhibition of phenomena which a suitable quantity 
would without difhculty produce. 

L 
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No special and definite rules can be given for avoiding this source of 
error; a general rule may, however, be laid down, which will be found 
to answer the purpose, if not in all, at least in the great majority of 
cases. It is simply this: let the student always reflect before the addi- 
tion of a reagent for what purpose he applies it, what are the phenomena 
he intends to produce, and what are the results of the addition of 
excess, 

We divide reagents into two classes, according to whether the state 
of fluidity which is indispensable for the manifestation of the action of 
reagents upon the various bodies, is brought about by the application of 
heat, or by means of liquid solvents; we have consequently, 1, Reagents 
in the wet way; and 2, Keagents in the dry way. For greater clearness we 
subdivide these two principal classes as follows :— 


A. REAGENTS IN THE WET WAY. 
I. SIMPLE SoLvENTS. 


II. Acıns and Harocens. 


a. Oxygen acids. 
db. Hydrogen acids and halogens. 
c. Sulphur acids. 


III. BAses and MFTALs. 
a. Oxygen bases. 
b. Sulphur bases. 
IV. Sıırs. 


a. Of the alkalies. 
b. Of the alkaline earths. 
c. Of the oxides of the heavy metals. 


V. CoLORING MATTERS AND INDIFFERENT VEGETABLE Svp- 
STANCES. 


B. REAGENTS IN THE DRY WAY. 
I. FLuxes. 


II. BLowrıpEe ReAGENTS. 


A. REAGENTS IN THE WET WAY. 
I. SimPpLeE SoLvEnTs. 


Simple solvents are fluids which do not enter into chemical combi- 
nation with the bodies dissolved in them ; they will accordingly dissolve 
any quantity of matter up to a certain limit, which is called the point 
of saturation, and is in a measure dependent upon the temperature of 
the solvent. The essential and characteristic properties of the dis- 
solved substances (taste, reaction, color, &e.) are not destroyed by the 
solvent. (See $ 2.) 
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m. 
1. Water (HO). 


Preparation —Pure water is obtained by distilling spring water 
from a copper still with head and condenser made of pure tin, or from 
a glass retort; which latter apparatus, however, is less suitable for the 
purpose. The distillation is carried to about three-fourths of the 
quantity operated upon. If it is desired to have the distilled water 
perfectly free from carbonic acid and carbonate of ammonia, the por- 
tions passing over first must be thrown away. In the larger chemical 
andin most pharmaceutical laboratories, the distilled water required is 
obtained from the steam apparatus which serves for drying, heating, 
boiling, &c. Rain water collected in the open air may in many cases 
be substituted for distilled water.* 

Tests. —It must be colorless, odorless and tasteless, and should not 
leave the smallest residue when evaporated in a platinum vessel. It 
should not be changed by sulphide of ammonium (copper, lead, iron), nor 
rendered turbid by baryta water (carbonic acid). No cloudiness should 
be caused even after long standing by the addition of oxalate of 
ammonia (lime), of chloride of barium and hydrochlorie acid (sulphuric 
acid), of nitrate of silver and nitric acid (chlorides), or of chloride of 
mercury and carbonate of soda (ammonia). 

Uses —We use watert principally as a simple solvent for a great 
variety of substances; the most convenient way of using it is with the 
washing bottle (see $ 7, fig. 3), by which means a stronger or finer 
stream may be obtained. It serves also to effect the conversion of 
several neutral metallie salts (more particularly terchloride of antimony 
and en salts of bismuth) into soluble acid and insoluble basic com- 
pounds, 


2. 
2. ArLconHor (C,H,O,). 


Preparatiom.— Two sorts of alcohol are used inchemical analyses: viz., 
lst, spirit of wine of '83 or 84 sp. Bi = 91 to 83 per cent. by volume 
(spiritus reetificatus of the British Pharmacopceia); and 2nd, absolute 
alcohol. The latter may be prepared most conveniently by mixing, in 
a distilling vessel, 1 part of fused chloride of calcium with 2 parts of 
rectified spirit of wine of about 90 per cent. by volume, digesting the 
mixture 2 or 3 days, until the chloride of caleium is dissolved, and 
then distilling slowly and in fractional portions. So long as the distil- 
late shows a specific gravity below "810 (= 965 per cent. by volume), 
it may pass for absolute alcohol. The portions coming over after are 
received in a separate vessel. 

Tests —Pure alcohol must completely volatilize, and ought not to 
leave the least smell of fusel oil when rubbed between the hands; 
nor should it alter the color of moist blue or red litmus paper. When 
kindled, it must burn with a faint bluish barely perceptible Hame. 


* As regards the preparation of water absoluteiy free from organic matter, see 
StAs, Zeitschrift f. anal. Chem. 6, 417. 
'r In analytical experiments we use only distilled water ; whenever, therefore, the 
term water occurs in the present work, as water is meant, 
D 
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Uses —Alcohol serves, (a) to effect the separation of bodies soluble 
in this fluid from others which do not dissolve in it, e.g. of chloride of 
strontium from chloride of barium; (5) to precipitate from aqueous 
solutions many substances which are insoluble in dilute alcohol, e.9. 
gypsum, malate oflime ; (ce) to produce various kinds of ether, e.g. acetic 
ether, which is characterized by its peculiar and agreeable smell; (d) 
to reduce, mostly with the co-operation of an acid, certain peroxides 
and metallic acids, e.g. ba of lead, chromie acid, &c.; (e) to 
deteet certain substances which impart a characteristic tint to its flame, 
especially boracic acid, strontia, potassa, soda, and lithia, 


22. 
3. ETHER (C,H,O). 
4. CHLoRoFORM (C,HC],). 
5. SULPHIDE OF CARBON (CS,). 


These solvents find but limited application in the qualitative analysis 
of inorganie bodies. They serve indeed almost exclusively to detect and 
isolate bromine and iodine. Chloroform and sulphide of carbon are 
preferable to ether in this respect. The latter is used for the detection 
of chromie acid by means of peroxide ofhydrogen. These preparations 
are made much better on a large than on a small scale, and the best 
way therefore is to procure them by purchase. 

Tests —Ether must have a specific eravity of ‘713 at 20°, and re- 
quire 9 parts of water for solution. The solution must not alter the 
color of test papers. Ether must, even at the common temperature, 
rapidly and completely evaporate on a watch-glass. Chloroform must 
be colorless and transparent and have a specific gravity of 1’48. It 
must have no acid reaction, nor impair the transpareney of solution of 
nitrate of silver. Mixed with 2 vols. of water, and shaken, its volume 
must not appear perceptibly diminished. It must even at the common 
temperature readily and completely evaporate on a watch-glass. Sul- 
phide of carbon should be colorless, readily and completely volatile even 


at the common temperature, and exercise no action upon carbonate of 
lead. 


II. Acınps Ann HALoGENS. 
28. 


The acids—at least those of more strongly pronounced character— 
are soluble in water. The solutions taste acid and redden litmus paper. 
Acids are divided into oxygen acids, sulphur acids, and hydrogen acids. 

The oxygen acids, produced generally by the combination of a non- 
metallic element with oxygen, combine with water in definite propor- 
tions to hydrated acids. It is with these hydrates that we have usually 
to do in analytical processes; they are contained in the aqueous solutions 
of the acids, and are commonly designated by the simple name of the free 
acid, as the accession of water does not destroy their acid properties. 
In the action of hydrated acids upon oxides of metals, the oxide takes 
the place of the water of hydration, and an oxygen salt is formed 
(HO0,S0, + KO=K0,S0, + HO). Where these salts are the pro- 
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duct of the combination of an acid with a strong base, their reaction 
(supposing the combining acid also to be a strong acid) is neutral; the 
salts formed with weaker bases, for instance with the oxide of a heavy 
metal, generally show acid reaction, but are nevertheless called neutral 
salts if the oxygen of the base bears the same proportion to that of the 
acid in which it is found in the distinetly neutral salts of the same acid, 
or, in other terms, if it corresponds with the saturation capacity of the 
acid. Sulphate of potassa (KO, SO,) has a neutral reaction, whilst the 
reaction of sulphate of copper (Cu 0, 80, + dag.) is acid; yet the latter 
is nevertheless called neutral sulphate of copper, because the oxygen of 
the oxide of copper in it bears a proportion of 1: 3 to that of the sul- 
phuric acid, which is the same proportion as the oxygen of the potassa 
bears to that of the sulphurie acid in the confessedly neutral sulphate 
of potassa. 

The hydrogen acids are formed by the combination of the halogens 
with hydrogen. Most of these possess the characteristic properties of 
aeids in a high degree. They neutralize oxygen bases, with formation 
of haloid salts and water; HCl and NaO = NaCland HO,—3 HCl 
and Fe,O, = Fe,Cl, and 3H0O. The haloid salts produced by the 
action of powerful hydrogen acids upon strong bases have a neutral 
reaction; whilst the solutions of those haloid salts that have been 
produced by the action of powerful hydrogen acids upon weak bases 
(such as alumina and sesquioxide of iron) have an acid reaction. 

The sulphur acids are more frequently the result of the combination of 
metallic than of non-metallie elements with sulphur; they combine with 
sulphur bases to sulphur salts; HS + KS=KS, HS—AsS, + 3Na8 
- 3Na8, As$,. The sulphur acids being weak acids, the soluble 
sulphur salts have all of them alkaline reaction. 


a. OxYGEn AcıD8. 
s.24. 


1. Surpuvrıc Acıp (HC, SO,). 
We use— 
a. Concentrated sulphurie acid af commerce. 
db. Concentrated pure sulphurie acid. 


The following methods may be recommended for preparing chemically 
pure sulphurie acid: 

«a. Put 1000 grm. of ordinary concentrated sulphurie acid in a 
porcelain dish, add 3grm. of sulphate of ammonia, and heat till 
copious fumes of sulphuric acid begin to escape. This is done in order 
to destroy the oxides of nitrogen which are generally present in minute 
quantity. After cooling,, add 4 or Ö grm. of coarsely-powdered binoxide 
of manganese, and heat to boiling with stirring, in order to convert any 
arsenious acid into arsenie acid (BrLoxpror). When cool pour off the 
clear Auid by means of a long funnel tube into a coated retort. The 
retort should not be more than half full, and is to be heated directly 
over charcoal. To prevent bum ing, it is advisable to rest the retort on 
an inverted crucible cover, so that the sides may be more heated than 
the bottom. The neck of the retort must reach so far into the receiver 
that the acid distilling over drops directly into the body. To cool the 
receiver by means of water is unnecessary and even dangerous, To 


33 SULPHURIC ACID, [$ 24. 


prevent the receiver coming into actual contact with the hot neck of the 
retort, some asbestos in large fibres is placed between them. When 
about 10 or lögrm. has been drawn over, change the receiver and distil 
off three-fourths of the contents of the retort. This method depends on 
the fact discovered by Bussy and Bvisner, that on distilling sulphurie 
acid which contains arsenie in the form of arsenic acid an arsenic-free 
distillate is obtained. 

ß. Pour into 4 parts of water 1 part of concentrated sulphuric acid, 
and conduct into the mixture for some time a slow stream of hydrosul- 
phuric aeid, keeping the fluid heated to 70°. Let the mixture stand at 
rest for several days, then decant the clear supernatant fluid from the 
Precipitate, which consists of sulphur, sulphide of lead, perhaps also sul- 
phide of arsenic, and heat the decanted fluid in a tubulated retort with 
obliquely upturned neck and open tubulature until sulphuric acid fumes 
escape with the aqueous vapor. The acid so purified is fit for many 
purposes of chemical analysis; if it is wished, however, to free it also 
from non-volatile substances, it may be distilled from a eoated retort as 
ina. As'soon as the drops in the neck of the retort become oily, the 
receiver is changed, and the concentrated acid which now passes over is 
kept in a separate vessel, 

e. Common dilute sulphuric acid. This is prepared by adding: to 5 parts 
of water in a leaden or porcelain dish gradually, and whilst stirring, 
1 part of concentrated sulphurie acid. The sulphate of lead which 
separates is allowed to subside, and the elear Auid finally decanted. 

Tests —Pure sulphurie acid must be colorless ; when colorless solu- 
tion of sulphate of protoxide of iron is poured upon it in a test tube, no 
brown tint must mark the plane of contact. of the two Huids (nitric acid, 
hyponitric acid); when diluted with twenty parts of water it must not 
impart a blue tint to a solution of iodide of potassium mixed with starch 
paste (hyponitric acid). Mixed with pure zinc and water, it must yield 
hydrogen gas, which, on being passed through a red-hot tube, must not 
deposit the sliehtest trace of arsenic. It must leave no residue upon 
evaporation on platinum, and must remain perfectly clear upon dilution 
with four or five parts of spirit of wine (oxide of lead, sesquioxide of 
iron, lime). The presence of small quantities of lead is detected most 
easily by adding some hydrochlorie acid to the sulphurie acid in a test 
tube. Ifthe plane of contact is marked by turbidity (chloride of lead), 
lead is present. Sulphurous acid is discovared by the odor after shaking 
the aeid in a half-filled bottle. 

Uses —Sulphuric acid has for most bases a greater aflinity than 
almost any other acid; it is therefore used principally for the liberation 
and expulsion of other acids, especially phosphoric, boraeiec, hydrochlorie, 
nitric, and acetie acids. Several substances which cannot exist in an 
anhydrous state (e.g. oxalic acid), are decomposed when brought into 
contact with concentrated sulphurie acid ; this decomposition is owing to 
the great affinity which sulphuric acid possesses for water. The nature 
of the decomposed body may in such cases be inferred from the liberated 
products of decomposition. Sulphurie acid is also frequently used for 
the evolution of certain gases, more particularly of hydrogen and hydro- 
sulphuric acid. It serves also as a special reagent for the detection and 
precipitation of baryta, strontia, and lead. What kind of sulphuric acid 
is to be used, whether the pure acid or the ordinary acid of commerce, 
whether concentrated or dilute, depends upon what the circumstances 
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in each case may require. It will, however, be found that the necessary 
directions on this point are generally given in the present work. 


$ 25. 
2, Nırrıc Acıp (HO, NOÖ,). 


Preparation. —a. Heat erude nitrie acid of commerce, as free as pos- 
sible from chlorine, and of a specific gravity ofat least 1'31,* in a glass 
retort to boiling, with addition of some nitrate of potassa; let the dis- 
tillate run into a receiver kept cool, and try from time to time whether 
it still continues to preeipitate or cloud solution of nitrate of silver. 
As soon as this ceases to be the case, change the receiver, and distil until 
a trifling HEBEN only remains in the retort. Dilute the distillate with 
water until the specific gravity is 12. 

». Dilute erude nitrie acid of commerce ofabout 1:38 specific gravity 
with two-fifths of its weight of water, and add solution of nitrate of silver 
as long as a precipitate of chloride of silver continues to form ; then 
adda further slight excess of solution of nitrate of silver, let the precipi- 
tate subside, decant the perfectly clear supernatant acid into a retort or 
an alembic with ground head; add some nitrate of potassa free from 
chlorine, and distil until only a small quantity remains, taking care to 
attend to the proper cooling of the fumes distilling over. Dilute the 
distillate, if necessary, wit water until it has a specific gravity of 12. 

Tests —Pure nitric acid must be gplorless and leave no residue upon 
evaporation on platinum foil. Addition of solution of nitrate of silver 
or of nitrate of baryta must not cause the slightest turbidity in it. It 
is advisable to dilute the acid with water before adding these reagents, a8 
otherwise nitrates will precipitate. Silver should be tested for by 
hydrochlorie acid. 

Uses —Nitrie acid serves as a chemical solvent for metals, oxides, 
sulphides, oxygen salts, &c. With metals and sulphides of metals the 
acid first oxidizes the metal present, at the expense of part of its own 
oxygen, and then dissolves the oxide to a nitrate. Most oxides are dis- 
solved by nitrie acid at once as nitrates; and so are also most of the 
insoluble salts with weaker acids, the latter being expelled in the process 
by the nitrie acid. Nitric acid dissolves also salts with soluble non- 
volatile acids, as e.g. phosphate of lime, with which it forms nitrate of 
lime and acid phosphate oflime. Nitrie acid is used also as an oxidizing 
agent: for instance, to convert protoxide of iron into sesquioxide, prot- 
oxide of tin into binoxide, &e. 


s 26. 
3. Aczrıc Acıp (H 0, C,H,0,=H0,A). 


A highly concentrated acetic acid is not required in qualitative 
analytical processes; the acidum acetioum of the British Pharmacopeia, 
which contains 33 per cent. of H O, C,H,O,, and has a specific gravity 
of 1'044, fully answers the purpose. 

Tests — Pure acetic acid must leave no residue upon evaporation, and 
_after saturation with carbonate of soda—emit no empyreumatic odor. 
Hydrosulphuriec acid, solution of nitrate of silver, and Aatlin of nitrate 


* A weaker acid will not answer the purpose. 
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of baryta must not color or cloud the dilute acid, nor must sulphide of 
ammonium after neutralization of the acid by ammonia. Solution of 
indigo must not lose its color when heated with the acid. Empyreu- 
matıc matter is best detected by neutralizing the acid with carbonate of 
soda, and adding permanganate of potash solution. Ifthe solution loses 
its color and afterwards deposits a brown precipitate, empyreumatic 
matter is present. 

If the acid is not pure, add some acetate of soda and redistil from a 
glass retort not quite to dryness; ifit contains sulphurous acid (in which 
case hydrosulphuric acid will produce a white turbidity in it), digest it 
first with some binoxide of lead or finely-pulverized binoxide of man- 
ganese, and then distil with acetate of soda. 

Uses —Acetic acid possesses a greater solvent power for some sub- 
Stances than for others; it is used therefore to distinguish the former 
from the latter; thus it serves, for instance, to distinguish oxalate of 
lime from phosphate oflime. Acetic acid is occasionally used also to 
a al fluids where it is wished to avoid the employment of mineral 
acids. 


89. 
4. Tarrarıc Acıp (2H0,C,H,0,=2H0,T). 


The tartaric acid of commerce is sufficiently pure for the purposes of 
chemical analysis. It is kept bestin powder, as its solution eulste de- 

composition after a time. For use ät is dissolved in a little water with 

the aid of heat. 

Uses. —The addition of tartaric acid to solutions of sesquioxide of 
iron, alumina, and various other oxides of metals, prevents the usual 
precipitation of these metals by an alkali; this non-precipitation is 
owing to the formation of double tartrates, which are not decomposed 
by alkalies. 

Tartarie acid may therefore be employed to effect the separation of 
these metals from others the preeipitation of which it does not prevent. 
Tartarie acid forms a difhieultly soluble salt with potassa, but not so with 
soda; itis therefore one of our best reagents to distinguish between the 
two alkalies. Bitartrate of soda answers this latter purpose still better 
than the free acid. This reagent is prepared by dissolving one of two 
equal portions of tartaric acid in water, neutralizing the solution with 
carbonate of soda, then adding the other portion ofthe acid, and evapo- 
rating the solution to the erystallization point. For use, 1 part of the 
salt is dissolved in 10 parts of water. 


b. HyDRoGEn Acıps AND HALoGENnS. 
8.98. 
1. Hyprocnrorıc Acıp (HC]). 


Preparation. —Pour a cooled mixture of seven parts of concentrated 
sulphuric acid and two parts of water over four parts of chloride of sodium 
in a retort; expose theretort, with slightly raised neck, to the heat ofa 
sand-bath until the evolution of gas ceases; conduct the evolved gas, by 
means of a benttube, into a flask containing six parts of water, and take 
care to keep this vessel constantly cool. To prevent the gas from 
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receding the tube ought only to dip about one line into the water ofthe 
flask. When the operation is terminated, try the specifie gravity ofthe 
acid produced, and dilute with water until it marks from 1'11 to 1:12. 
If you wish to ensure the absolute purity of the acid, and its perfect 
freedom from every trace of arsenic and chlorine, you must take care 
to free the sulphuric acid intended to be used in the Be from arsenic 
and the oxygen compounds of nitrogen, according to the directions of$ 24. 
A pure acıd may also be prepared cheaply from the erude hydrochloric 
acid of commerce by diluting the latter to a specific gravity of1'12, and 
distilling the fluid, with addition of some chloride of sodium. Or you 
may put the acid into the retort in the concentrated form, placing 60 
parts of water into the receiver for every 100 parts of concentrated acid, 
and not luting the receiver to the retort. Ifthe crude acid contains 
chlorine this should be removed first by cautious addition of solution of 
sulphurous acid, before proceeding to the distillation; if, on the other 
hand, it contains sulphurous aeid, this is removed in the same way by 
cautious addition of some chlorine water. Hydrochloric acid not unfre- 
quently contains chloride of arsenic, owing to the presence of arsenic in 
the sulphuric acid employed. To free it from this impurity, the acid is 
mixed with twice its volume of water, hydrosulphuric acid is conducted 
into it, the mixture allowed to stand at rest for some time, the clear Huid 
then decanted from the sulphur and sulphide of arsenic, and heated, to 
expel the sulphuretted hydrogen. 

Tests, —Hydrochlorie acid must be perfeetly colorless and leave no 
residue upon evaporation. If it turns yellow on evaporation, sesqui- 
chloride of iron is present. It must not impart a blue tint to a solution 
of iodide of potassium mixed with starch paste (chlorine or sesquichloride 
of iron), nor discolor a Huid made faintly blue with iodide of starch 
(sulphurous acid). Chloride of barium ought not to produce a preci- 
pitate in the highly diluted acid (sulphurie acid). Hydrosulphuric 
acid must leave the diluted acid unaltered (arsenic). After neutraliza- 
tion with ammonia, sulphide of ammonium must produce no change in 
it (iron, thallium). 

Uses. —Hydrochloric acid serves as a solvent for a great many sub- 
stances. It dissolves many metals and sulphides of metals as chlorides, 
with evolution ofhydrogen or ofhydrosulphuric acid. It dissolves oxides 
and superoxides in the form of chlorides, in the latter case mostly with 
liberation of chlorine. Salts with insoluble or volatile acids are also 
converted by hydrochloric acid into chlorides, with separation of the 
original acid ; thus carbonate of lime is converted into chloride of calcium, 
with liberation of carbonie acid. Hydrochlorie acid dissolves salts with 
non-volatile and soluble acids apparently without decomposing them 
(e.g. phosphate of lime) ; but the fact is that in cases of this kind a 
metallic chloride and a soluble acid salt of the acid of the dissolved 
compound are formed; thus, for instance, in the case of phosphate 
oflime, chloride of caleium and acid phosphate of lime are formed. 
With salts of acids forming no soluble acid compound with the base 
present hydrochloric acid forms metallic chlorides, the liberated acids 
remaining free in solution (borate of lime). en acid is also 
applied as a special reagent for the detection and separation of oxide of 
silver, suboxide of mercury, and lead, and likewise for the detection of 
free ammonia, with which it produces in the air dense white fumes of 
chloride of ammonium., 
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29. 
2. CHLORINE (Cl) AND CHLORINE WATER. 


Preparation. —Mix 18 parts of common salt in lumps with 15 parts of 
finely pulverized good binoxide of manganese, free from carbonate of lime ; 
put the mixture in a flask, pour a completely eooled mixture of 45 parts of 
concentrated sulphuric acid and 21 parts of water upon it, and shake the 
flask:: a uniform and continuous evolution of chlorine gas will soon 
begin, which, when slackening, may be easily increased again by the 
application of a gentle heat. This method of WiGGeRrs is excellent, and 
can be highly recommended. Conduct the chlorine gas evolved first 
through a flask containing a little water, then into a bottle filled with 
cold water, and continue the process until the Huid is saturated. Where 
it is desired to obtain chlorine water quite free from bromine, the 
washing flask is changed after about one-half of the chlorine has been 
expelled, and the gas which now passes over is conducted into a fresh 
bottle filled with water. Ifthe chlorine water is to be quite free from 
hydrochlorie acid, the gas must be passed through a U tube containing 
binoxide of manganese. The chlorine water must be keptin a cellar 
and carefully protected from the action of light ; since, if this precaution 
is neglected, it speedily suffers complete decomposition, being converted 
into dilute hydrochloric acid, with evolution of oxygen (resulting from 
the decomposition of water). Smaller quantities, intended for use in the 
laboratory, are best kept in a stoppered bottle protected from the 
influence of light by a case of pasteboard. Chlorine water which has 
lostits strong peculiar odor is unfit for use. 

Uses —Chlorine has a greater affinity than iodine and bromine for 
metals and for hydrogen. Chlorine water is therefore an eflieient agent 
to effect the expulsion of iodine and bromine from their compounds. 
Chlorine serves moreover to effect the solution of certain metals (gold, 
platinum), to decompose metallic sulplides, to convert sulphurous acid 
into sulphuric acid, protoxide of iron into sesquioxide, &e.; and also to 
etfect the destruction of organic substances, as in presence of these it 
withdraws hydrogen from the water, enabling thus the liberated oxygen 
to combine with the vegetable matters and to effect their decomposition. 
For this latter purpose it is most advisable to evolve the chlorine in the 
fluid which contains the organic substances; this is effected by adding 
hydrochlorie acid to the fiaid, heating the mixture, and then adding 
chlorate of potassa. This gives rise to the formation of chloride of 
potassium, water, free chlorine, and bichlorate of chlorous acid, which 
acts in a similar manner to chlorine. 


8 30. 
3. NıTRO-HYDROCHLORIC ACID. Aqua regia. 


 Preparation —Mix 1 part of pure nitrie acid with from 3 to 4 parts 
of pure hydrochlorie acid. 
Uses —Nitric acid and hydrochloric acid decompose each other, the 
decomposition mostly resulting, as GAaY-Lussac has shown, in the for- 
mation of two compounds which are gaseous at the ordinary temperature, 


N 0,Cl, and NO, Cl, and of free chlorine and water. Thus, HO,NO, 
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+3 HCI=N 0, C,+C1+4HOandH0,NO,+3H CI=N 0, Cl+ 
2C1l+4HO. This decomposition ceases as soon as the fluid is satu- 
rated with the gas; but it recommences the instant this state of saturation 
is disturbed by the application of heat or by decomposition of the acid. 
The presence of the Eh chlorine, and also, but in a very subordinate 
degree, that of the acids named, makes aqua regia our most powerful 
solvent for metals (with the exception of those which form insoluble 
compounds with chlorine). Nitro-hydrochloric acid serves principally 
to effect the solution of gold and platinum, which metals are insoluble 
both in hydrochlorie and in nitrie acid ; and also to decompose various 
metallic sulphides, e.g. cinnabar, pyrites, &e. 


s3l. 
[4. Hyprorvosırıcıc Acın (SF, HF). 


Preparation.—Take 14 part of powdered glass, or 1 part of powdered 
ignited flint, or 1 part of quartz sand. Whichever is used, it must have 
been washed from every particle of dust, and then ignited. Mix inti- 
mately with one part of perfectly dry fluor spar in powder; pour nine 
parts of concentrated sulphuric acid over the mixture in a non-tubulated 
retort, which it is advisable to coat with clay, and mix carefully by 
shaking the vessel. As the mixture swells up when getting warm, it 
must at first fill the retort only to one-third. The neck of the retort is 
connected air-tight with a small tubulated receiver, and the tubulus of 
the latter again, by means of indiarubber, with a wide glass tube twice 
bent at a right angle. To the descending limb of the glass tube a funnel 
is attached by means of indiarubber; this funnel is lowered into a 
beaker containing four parts of water. Promote the disengagement ot 
fluosilieie gas, which commences even in the cold, by moderately heating 
the retort over charcoal. Towards the end of the process a pretty strong 
heat should be applied. Every gas bubble produces in the water a pre- 
cipitate of hydrated silicie acid, with simultaneous formation of hydro- 
fluosilicie acid, 3Si FR, +2 HO=2(SiF,HF)+SiO,. The preeipi- 
tated hydrate of silicic acid renders the liquid gelatinous, and it is for 
this reason that the aperture of the descending limb of the tube cannot 
be allowed to dip direct into the water, since it would in that case 
speedily be choked. It sometimes happens in the course, and especially 
towards the end of the operation, that complete channels of silica are 
formed in the gelatinous liquid, through which the gas gains the surface 
without undergoing decomposition if the liquid is not occasionally 
stirred. When the evolution of gas has completely ceased, throw the 
gelatinous . upon a linen cloth, squeeze the Huid through, and filter 
ıt atterwards. Keep the filtrate for use. 

Tests —Hydrofluosilicic acid must produce no precipitate in solutions 
of salts of strontia (sulphate of strontia). 

Uses —Bases decompose with hydrofluosilicie acid, forming water 
and metallic silicofluorides. Many of these are insoluble, whilst others 
are soluble; the latter may therefore by means of this reagent be dis- 
tinguished from the former. In the course of analysis hydrofluosilieic 
acid is applied simply for the detection and separation of baryta. 
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c. SULPHUR Acıps. 
832. 
1. HyorosuLrnvrıc Acın. Sulphuretted Hydrogen (HS). 


Preparatim.—Hydrosulphuric acid gas is evolved best from sulphide 
of iron, which is broken into small lumps and then treated with dilute 
sulphuric or hydrochlorie acid. Fused sulphide of iron may be procured 
so cheaply in commerce that it is hardly worth while to take the trouble 
of preparing it. However, if you wish to prepare it yourself, this may 
be done by heating iron turnings, or 1 to 14 inch iron nails, in a covered 
Hessian crueible to a white heat, and then adding small lumps of roll- 
sulphur until the entire contents of the crucible are in fusion. As soon 
as this is the case, pour the fused mass onto sand, or into an old 
Hessian crucible. Or make a hole in the bottom of the crucible in 
which you fuse the mass, when the sulphide of iron will as fast as it 
forms run through the hole in the bottom of the crucible, and may thus 
be easily received in a coal-shovel placed in the ash-pit. Or introduce 
an intimate mixture of Rn parts of iron filings and twenty-one parts 
of Aowers of sulphur in small portions into a red-hot cruecible, awaiting 
always the incandescence of the portion last introduced before proceed- 
ing to the addition of a fresh one. When you have thus put the whole 
mixture into the crucible, cover 
the latter closely, and expose it 
to a more intense heat, suflicient 
to make the sulphide of iron fuse 
more or less. 

The evolution of the gas is 
effected in the apparatus illus- 
trated by ne 32. Pour water 
over the sulphide of iron in a, 
add concentrated sulphuric acid, 
andshakethemixture; the evolved 
gas is washed in c. When a suf- 
ficient quantity of gas is evolved, 
pour the Huid off the still unde- 
composed sulphide of iron, rinse 
the bottle repeatedly with water, 

Fig. 32. then fill it with that Auid, and 

keep it for the next operation. 

If you neglect this, the apparatus will speedily become incrusted with 

erystals of sulphate of protoxide of iron, which is apt to interfere 
injuriously with subsequent processes of evolution of gas. 

For larger laboratories, or for chemists having to operate often and 
largely with hydrosulphuric acid, a gasometer may be used, or the fol- 
lowing apparatus, devised by BRUGNATELLI, and modified as shown in 
fig. 33. The flask, B, is provided with a tubulure at a;* its neck is 
filed with broken glass, its body with sulphide of iron in small pieces. 
The indiarubber stopper in the neck contains two tubes—s (which may 








* Flasks with a lateral tubulure, such as are generally used for receivers, are also 
applicable, and indeed one of these will be found in the original drawing (Zeitschrift 
f. anal. Chem. 6, 390). But it is certainly better to have the tubulure at the top, 
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sometimes be omitted, see below), and the short tube c, which must 
have a bore of 1 cm. at least ; the latter is connected with the tube d of 
the same size by means of indiarubber. The tube e extends almost to 
the bottom of A, and is connected on the other side with the bottle m 
by means of the indiarubber tube /. Mm is closed with a cork or india- 
rubber stopper, containing a small tube open at both ends. The stopper 
in the tubulure « of the fask B contains a glass tube, which is in con- 
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Fig. 33. 


nexion with a leaden pipe. The latter conducts the gas, and is supplied 
with the brass cocks h, b, i °. 

To set the le going, open h, and fillm with a mixture of 1 
volume common hydrochlorie acid and 2 volumes water. The Auid will 
pass into A, fill the bottle, and rise through d and e into the flask » 
As soon as the neck of the latter is nearl full, elose the cock A, and 
take care that m is not more than half full. If now 2 is opened, and 
also i, the acid rises up to the sulphide, the evolution of gas commences 
and proceeds with great regularity, since the wide tubes ce and d allow 
the constant descent of the solution of protochloride of iron and ascent 
of fresh acid. Ifthe acid does not rise in B as high as is wished, place 
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one or two blocks of wood under m. The current of gas may be en- 
tirely regulated by raising or lowering m, as BRUGNATELLI recom- 
mends, but the cocks will be found necessary in large laboratories where 
the gas has to be passed into several different Auids at the same time. 
If the apparatus is not required for some time, m should be placed 
lower; the fluid will thus sink in B, and ceasing to be in contact with 
the sulphide of iron, the evolution of gas will cease. In this case, if the 
evolution of gas in B is not rapid enough to fill the space vacated by 
the fluid, air will enter through the tube s. If the tube s is present at 
all, it should be sufliciently long to prevent the exit of Auid when there 
is a pressure of gas. After the acid has fowed from », the still moist 
sulphide of iron may continue evolving gas, but this will merely occasion 
more acid to pass from A tom. The tube s may be left out when the 
cocks are used. Under these eircumstances the Auid in 8 will descend 
more slowly on lowering m, since the space filled by the descending 
acid has to be occupied by ei ie hydrogen. When there are no 
cocks, however, s is essential; otherwise on lowering =, the Auid 
through which the gas is passing might recede into the apparatus. 
This inconvenience may be easily prevented where cocks are provided, 
simply by closing b balkon lowering m. The gas from ii is conducted 
through wash-bottles, or in winter through U tubes filled with wool 
before being: used. 

When the acid is finally exhausted, m is placed lower than A, and 
the air-cock A is as. if the tube s is not present. All the Huidthen 
passes into m, and can be poured away. 

I am so pleased with the working of this apparatus that I now use 
it instead of the large leaden generator which has rendered me such 
good service for so many years. 
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The klang apparatus (fig. 34), devised by Fr. Monr, depends upon 
the same principle as the above ; it is particularly useful for the evolution 
of small quantities of the gas. A isa well-known piece of apparatus, 
used by drying large uantities of gas with chloride ofcaleium; at b isa 
perforated disk of lead, and above lumps of sulphide of iron. To the 
end of dis fixed, by means of indiarubber a, a small piece of wide glass 
tube, which is filled with cotton wool, and is intended to stop any par- 
ticles of protochloride of iron which may be spirted up. cis a glass 
cock with a long wooden handle, which may be replaced by aclip; e 
contains a solution of carbonate of soda, to prevent the escape of tlıe 
sulphuretted hydrogen from the solution of protochloride of iron, and to 
protect the latter from the action of the air. The acid used here is a 
mixture of common hydrochloric acid with one or two measures of water. 

There are many other forms of apparatus used for the same purpose. 
That devised by Porz is simple and convenient to use, It is or in 
fie. 35. The bottle A, which contains dilute 
sulphurie acid, should hold from 2 to 2 litres. 
The solid glass rod 6, measuring at least 9 mm. 
in diameter, and with the upper end ground, 
fits pretty tightly into the indiarubber stopper 
B, so that it requires a certain degree of force 
to move it upwards or downwards. To the 
lower end of this rod is attached the perforated 
basket K, made of vulcanite. This basket is 
lined with coarse linen, and filled with lumps 
of sulphide of iron. If the glass rod « is 
pushed down sufficiently far just to dip into 
the dilute sulphurie acid in A, a slow stream 
of hydrosulphuric acid is evolved, which may 
be increased by lowering the basket, or stopped 
by drawing it up out of reach of the Huid 
inA. The wide tube r is filled with cotton 
wool, and serves the purpose of a washing- 
bottle. 

Sulphuretted hydrogen water (solution of hydro- 
sulphuric acid) is prepared by conducting the 
gas into very cold water, which has been pre- 
viously freed from air by boiling. The opera- 
tion is continued nntil the water is completely saturated with the gas, 
which may be readily ascertained by elosing the mouth of the Hask 
with the thumb, and shaking it a little: if upon this a pressure is felt 
from within, the operation may be considered at an end; but if, on the 
contrary, the thumb feels sucked into the mouth of the flask, this is a 
sure sign that the water is still capable of absorbing more gas. Sul- 
phuretted hydrogen water must be kept in well-closed vessels, other- 
wise it will soon suffer complete decomposition, the hydrogen being 
oxidized to water, and a small portion of the sulphur to sulphurie 
acid, the rest of the sulphur separating. The best way of preserving it 
unaltered for a very long time is to pour the freshly prepared solution 
immediately into small phials, to cork these well, and to place them in 
an inverted position in small jars filled with water. Pure sulphuretted 
hydrogen water must be perfectly clear and strongly emit the peculiar 

odor of the gas; when treated with sesquichloride of iron, it must yield 





Fig. 35. 
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a copious preeipitate of sulphur. Addition of ammonia must not 
impart a blackish appearance to it. It must leave no residue upon 
evaporation on platinum. 

Uses —Hydrosulphuric acid has a strong tendency to undergo decom- 
position with metallic oxides, forming water and metallic sulphides, 
which latter being mostly insoluble in water are usually preeipitated in 
the process. The conditions under which the precipitation of certain 
sulphides ensues differ materially; by altering or modifying these con- 
ditions we may therefore divide the whole of the precipitable metals into 
groups, as will be found explained in Section III. He deoshiokacto acid 
is therefore an invaluable agent to effect the separation of metals into 
groups. Some of the precipitated sulphides exhibit a characteristie 
color indicative of the individual metals which they respectively contain. 
The great facility with which hydrosulphuric acid is decomposed renders 
this substance also a useful reducing agent for many compounds; thus 
it serves, for instance, to reduce salts of sesquioxide of iron to salts of 
De chromic acid to the state of sesquioxide of chromium, &e. 

n these processes of reduction the sulphur separates in the form of a 
fine white powder. Whether the hydrosulphurie acid had better be 
applied in the gaseous form or in aqueous solution depends always upon 
the special circumstances of the case. 


III. Bases Ann METALS. 
$ 33. 


Bases are divided into oxygen bases and sulphur bases. The former 
result from the combination of metals or of compound radicals of similar 
character with oxygen, the latter from the combination of the same 
bodies with sulphur. 

The oxygen bases are classified into alkalies, alkaline earths, eartlıs 
proper, and oxides of the heavy metals. The alkalies are readily soluble 
in water; the alkaline earths dissolve with greater dificulty in that 
menstruum; and magnesia, the last member of the class, is only very 
sparingly soluble init. "The earths proper and the oxides of the heavy 
metals are insoluble in water or nearly so (except protoxide of thallium). 
The solutions of the alkalies and alkaline earths are caustic when sufh- 
ciently concentrated; they have an alkaline taste, change the yellow 
color of turmeric paper to brown, and restore the blue tint of reddened 
litmus paper; they saturate acids completely, so that even the salts 
which they form with strong acids do not change vegetable colors, 
whilst those with weak acids generally have an alkaline reaction. The 
earths proper and the oxides of the heavy metals combine likewise with 
acids to form salts, but, as a rule, they do not entirely take away the 
acid reaction of the latter. 

The sulphur bases resulting from the combination of the metals of the 
alkalies and alkaline earths with sulphur are soluble in water. The 
solutions have a strong alkaline reaction. "The other sulphur bases do 
not dissolve in water. All sulphur bases form with sulphur acids 
sulphur salts. 
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a. ÖxyGEn Bases. 
a. ÄALKALIES, 
$ 94, 
1. Porassa (KO) ann SopaA (NaO). 


The preparation of perfectly pure potassa or soda is a diffieult opera- 
tion. It is advisable therefore to prepare, besides perfectly pure caustie 
alkali, also some which is not quite pure, and some which beine free 
from certain impurities may in many cases be safely substituted for the 
pure substance. 

a. Common solution of soda.—Put into a clean cast-iron pan provided 
with a lid 3 parts of erystallized carbonate of soda of commerce and 15 
parts of water, heat to boiling, and add, in small portions at a time, 
thick milk of lime prepared by pouring 3 parts of warm water over 1 
part of quicklime, and letting the mixture stand in a covered vessel 
until the lime is reduced to a uniform pulpy mass. Keep the liquid in 
the pan boiling whilst adding the milk of lime, and for a quarter of an 
hour longer, then filter off a small portion, and try whether the filtrate 
still causes effervescence in hydrochloric acid. If this is the case, the 
boiling must be continued, and if necessary some more milk of lime 
must be added to the fluid. When the solution is perfectly free from 
carbonic acid, cover the pan, allow the fluid to cool a little, and then 
draw off the nearly clear solution from the residuary sediment, by 
means of a siphon filled with water, and transfer it to a glass fask. 
Boil the residue a second and a third time with water, and draw off the 
fluid in the same way. Cover the flask close with a glass plate, and 
allow the lime suspended in the fluid to subside completely. Scour the 
iron pan clean, pour the clear solution back into it, and evaporate it to 
6 or 7 parts. The solution so prepared contains from 9 to 10 per cent. 
of soda, and has a specific gravity of from 113 to 1'15. Ifit is wished 
to filter a solution of soda which is not quite clear, a covered funnel 
should be used, which has been charged first with lumps of white 
marble and then with powder of the same, the fine dust being rinsed 
out with water before the filter is used (GRAEGER). Solution of soda 
must be clear, colorless, and as free as possible from carbonic acid; 
sulphide of ammonium must not impart a black color to it. Traces of 
Silicie acid, alumina, and phosphoric acid are usually found in a solution 
of soda prepared in this manner; on which account it is unfit for use in 
accurate experiments. Solution of soda is kept best in bottles elosed 
with ground glass caps. In default of a bottles, common ones 
with well-ground stoppers may be used, in which case the neck must be 
wiped perfectly dry and clean inside and the stopper coated with paraffin ; 
since, if this precaution is neglected, it will be found impossible after a 
time to remove the stopper, particularly ifthe bottle is only rarely opened. 

b. Hydrate of potassa purified with alcohol.—Dissolve some caustic 
potassa of commerce in rectified spirit of wine in a stoppered bottle by 
digestion and shaking; let the Auid stand, decant it, or filter it if 
necessary, and evaporate the clear fluid in a silver dish over the gas or 
spirit Jamp until no more vapors escape; adding from time to time, 
during the evaporation, some water to prevent blackening of the mass. 
Place the silver dish in cold water until it has sufliciently cooled ; 

2. E 
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remove the cake of caustic potassa from the dish, break it into coarse 
lumps in a hot mortar, and keep in a well-closed glass bottle. When 
required for use, dissolve a small lump in water. 

The hydrate of potassa so prepared is sufficiently pure for most pur- 
poses; it contains, indeed, a minute trace of alumina, but is usually free 
from phosphoric acid, sulphurie acid, and silicie acid. The solution must 
remain clear upon addition of sulphide of ammonium ; hydrochlorie acid 
must only produce a barely perceptible effervescence in it. 'The solution 
acidified with hydrochlorie acid must, upon evaporation to dryness, leave 
a residue which dissolves in water to a clear Huid. The solution acidi- 
fied with hydrochlorie acid, and then mixed with ammonia in the least 
possible excess, must not show any flocks of alumina, at least until it 
has stood in a warm place for several hours. The solution acidified 
with nitrie acid must not give any precipitate with a nitric acid solution 
of molybdate of ammonia. 

ce. Hydrate of potassa prepared with baryta—Dissolve pure cerystals of 
baryta (936) by heating with water, and add to the solution pure 
sulphate of potassa until a portion of the filtered fluid, acidified with 
hydrochloric acid and diluted, no longer gives a precipitate on addition 
of a further quantity of the sulphate (16 parts of erystals of baryta 
require 9 parts of sulphate of potassa). Let the turbid fluid clear, 
decant, and Se in a silver dish asind. The hydrate of potassa so 
prepared is perfectly pure, except that it contains a trifling admixture of 
sulphate of potassa, which is left behind upon dissolving the hydrate 
in a little water. This hydrate is but rarely required, its use being in 
fact exelusively confined to the detection of minute traces of alumina. 

Uses —The great aflinity which the fixed alkalies possess for acids 
renders these substances powerful agents to effect the decomposition of 
the salts of most bases, and consequently the precipitation of those bases 
which are insoluble in water. Many of the so precipitated oxides redis- 
solve in an excess of the precipitant, as, for instance, alumina, sesqui- 
oxide of chromium, and oxide of lead; whilst others remain undissolved, 
e.g. sesquioxide of iron, teroxide of bismuth, &c. The fixed alkalies 
serve therefore also as a means to separate the former from the latter. 
Potassa and soda dissolve also many salts (e.g. chromate of lead), sul- 
phur compounds, &e., and contribute thus to separate and distinguish 
them from other substances. Many of the oxides precipitated by the 
action of potassa or soda exhibit peculiar colors, or possess other charac- 
teristic properties that may serve to lead to the detection of the individual 
metal which they respectively contain; such are, for instance, the pre- 
cipitates of hydrate of protoxide of manganese, hydrate of protoxide of 
iron, suboxide of mercury, &c. The fixed alkalies expel ammonia from its 
salts, and enable us thus to detect that body by its smell, its action on 
vegetable colors, &e. 


8. 
9, AMMoNIA. Owide of Ammonium. (NH,O). 


Preparation.—Ammonia is generally prepared in cast-iron vessels on 
a large scale, and it will be found more ecvnomical to buy it.“ For 
preparing it on a small scale the following method answers well. 


* An excellent receipt for preparing ammonia in rather large quantities will be 
found in Zeitschrift f. anal. Chem. 1, 186. 
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Introduce into a fask 4 parts of chloride of ammonium, either erystal- 
lized or in lumps, and the dry hydrate of lime prepared from 5 parts of 
quicklime, mix by shaking, and cautiously add enough water to make 
the powder agglomerate into lumps. Set the flask in a sand bath and 
connect it with a rather large wash bottle and delivery tube. Puta 
small quantity of water in the wash bottle, and about 10 parts of water 
in the Hask destined to absorb the gas. Place the latter in cold water, 
and then begin to apply heat. Evolution of gas speedily sets in. Con- 
tinue to heat until no more bubbles appear. Open the cork of the Hask 
to prevent the receding of the fluid. ‘The solution of ammonia contained 
in the washing bottle is impure, but that contained in the receiver is 
perfectly pure; dilute it with water until the specific gravity is about 
-96=10 per cent. of ammonia. Keep the fluid in bottles closed with 
ground stoppers. 

Tests — Solution of ammonia must be colorless, and ought not to 
leave the least residue when evaporated in a platinum dish. When 
heated with an equal volume of lime water, it should cause no turbidity, 
at least not to a very marked extent (carbonie acid). When super- 
saturated with nitrie acid, neither solution of nitrate of baryta nor of 
nitrate of silver must render it turbid, nor must sulphuretted hydrogen 
impart to it the slightest color. 

Uses. —Solution of ammonia, although formed by conducting ammo- 
niacal gas (N H,) into water, and letting that gas escape upon- exposure 
to the air, and much quicker when heated, may also be regarded as a 
solution of oxide of ammonium (N H,O) in water, the first acceding 
equivalent of water (HO) being assumed to form N H,O with NH,. 
Upon this assumption solution of ammonia may accordingly be looked 
upon as an analogous fluid to solution of potassa and solution of soda, 
which greatly simplifies the explanation of: all its reactions, the oxygen 
salts resulting from the neutralization of oxygen acids by solution of 
ammonia being also assumed to contain oxide of ammonium NH,O, 
instead of NH,. Ammonia is one of the most frequently used reagents. 
It is especially applied for the saturation of acid fluids, and also to effect 
the precipitation of a great many metallic oxides and earths; many of 
these precipitates redissolve in an excess of ammonia, as, for instance, 
the oxides of zine, cadmium, silver, copper, &e., whilst others are in- 
soluble in free ammonia. This reagent may therefore serve also to 
separate and distinguish the former from the latter. Some of these 
precipitates, as well as their solutions in ammonia, exhibit peculiar 
colors, which may at once lead to the detection of the individual metal 
which they respectively contain. 

Many of the oxides which are preeipitated by ammonia from neutral 
solutions are not precipitated by this reagent from acid solutions, their 
precipitation from the latter being prevented by tlıe ammonia salt formed 
in the process. Compare $ 53. 


ß. ALKALINE EARTHS. 
8 36. 
1. BaryrA (BaO). 
Preparation. —There are a great many ways of preparing hydrate of 


baryta ; but as witherite is now eoslz and cheaply procurable, I prefer 
E2 
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the following method to all others: Mix intimately together 100 parts 
of finely pulverized witherite, 10 parts of charcoal in powder, and 5 parts 
of resin, put the mixture in an earthenware pot, put on the lid and lute 
it on with clay, and expose the pot so prepared to the heat of a brick- 
kiln. Break and triturate the baked mass, boil repeatedly with water 
in an iron pot, filter into vessels, stopper, and let them stand in the cold, 
when large quantities of erystals of hydrate ofbaryta (Ba 0, HO +8agq.) 
will make their appearance. Let the erystals drain in properly covered 
funnels, dry rapidly between sheets of blotting paper, and keep them 
in well closed bottles. For use dissolve 1 part of the erystals in 20 
parts of water, with the aid of heat, and filter the solution. The baryta 
water so prepared is purer than the mother liquor running off from the 
erystals. The residue, which is insoluble in water and consists of unde- 
composed witherite and charcoal, is turned to account in the preparation 
of chloride of barium. 

Tests —Baryta water must, after precipitation of the baryta by pure 
sulphuric acid, give a filtrate remaining clear when mixed with spirit 
of wine, and leaving no fixed residue upon evaporation in a platinum 
crucible. 

Uses —Caustic baryta, being a strong base, precipitates the eartlıs 
and metallic oxides insoluble in water from the solutions of their salts. 
In the course of analysis we use it simply to precipitate magnesia. Baryta 
water may also be used to precipitate those acids which form insoluble 
compounds with this base; it is applied with this view to effect the 
detection of carbonic acid, the removal of sulphuric acid, phosphoric 
acid, &c. 

837. 


2. Lime (Ca0). 

We use— 

a. Hydrate of lime. b. Lime water. 

The former is obtained by slacking pure caleined lime in lumps, in a 
porcelain dish, with half its weight of water. The heat which accom- 
paniesthe combination of the lime and the water is suflicient to evapo- 
rate the excess of water. Hydrate of lime must be kept in a well-stop- 
pered bottle. 

To prepare lime water, digest hydrate of lime for some time with 
cold distilled water, shaking the mixture occasionally ; let the undis- 
solved portion of lime subside, decant, and keep the clear fluid in a well- 
stoppered bottle. Ifit is wished to have the lime water quite free from 
all traces of alkalies, baryta and strontia, which are almost invariably 
present in hydrate of lime prepared from caleined limestone, the liquids 
of the first two or three decantations must be removed, and the fluid 
decanted afterwards alone made use of. 

Tests —Lime water must impart a strongly-marked brown tint to 
turmerie paper, and give a not too inconsiderable precipitate with car- 
bonate of soda. It speedily loses these properties upon exposure to the 
air, and is thereby rendered totally unfit for analytical purposes. 

Uses —Lime forms with many acids insoluble, with others soluble 
salts. Lime water may therefore serve to distinguish the former acids, 
which it precipitates from their solutions, from the latter, which it will 
of course fail to preeipitate. Many of the precipitable acids are thrown 
down only under certain conditions, e.g. on boiling (citric acid), which 
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affords a ready means of distinguishing between them by altering these 
conditions. We use lime water in analysis prineipally to effect the 
detection of carbonie acid, and also to distinguish between citric acid 
and tartaric acid. Hydrate of lime is chiefly used to liberate ammonia 
from ammonia salts. 


y. Heavy METALS AND THEIR ÖXIDES. 
$ 938. 
1. Zınc (Zn). 


Select zine of good quality and, above all, perfectly free from arsenic. 
The method described $ 132, 10 will serve to detect the presence of the 
sliehtest trace of this substance. Fuse the metal and pour it in a thin 
stream into alarge vessel with water. Zine which contains arsenic 
must be absolutely rejected, for no process of purification known to us 
that can in any way pretend to simplieity will ever succeed in removing 
every trace of that metal (Error and SToRER).* 

Uses. —Zine servesin qualitative analysis for the evolution of hydro- 
gen, and also of arsenetted and antimonetted hydrogen gases (compare 
$ 131, 10, and $ 132, 10); it is occasionally used also to precipitate 
some metals from their solutions; in which process the zine simply 
displaces the other metal (Cu 0, SO, +Zn=ZnO, S0,+Cu). Zine ıs 
also sometimes used for the detection of sulphurous acid and ee le 
acid ;. it must then be tested for sulphide of zinc or phosphide of zine, 
as the case may be, see $$ 139 and 148. 


2. Iron (Fe). 


Iron reduces many metals and precipitates them from their solutions 
in the metallie state. We use it especially for the detection of copper, 
which precipitates upon it, with its characteristie color. Any clean 
surface of iron, such as a knife-blade, a needle, a piece of wire, &c., 
will serve for this purpose. 


3. CoPPER (Cu). 


We use copper exclusively to effect the reduction of mercury, which 
precipitates upon it as a white coating shining with silvery lustre when 
rubbed. A copper coin scoured with fine sand, or in fact any clean 
surface of copper, may be employed for this purpose. 


39. 
4. Hyoprarte or TeroxıpE or BısmurH (Bi O,, HO).+ 


Preparation. —Dissolve bismuth, freed from arsenic by fusion with 
hepar sulphuris, in dilute nitrie acid; dilute the solution till a slight 
permanent precipitate is produced; filter and evaporate the filtrate 


*® According to GunnIn@G (Scheikundige Bijdragen, Deel I. Nr. 1, p. 113), the 
purification may be effected by repeated fusion with a mixture of carbonate of soda 
and sulphur. 

+ The basic nitrate of teroxide of bismuth of commerce, if perfectly free from arsenic 
and antimony, may also be used instead of the hydrated teroxide, 
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to erystallization. Wash the erystals with water containing nitrie acid, 
triturate them with water, add ammonia in excess, and let the mixture 
digest for some time; then filter, wash, and dry the white precipitate, 
and keep it for use. 

Tests — The hydrate of bismuth is dissolved in dilute nitrie acid and 
preeipitated with sulphuretted hydrogen. Part of the precipitated sul- 
phide is treated with ammonia and filtered, part is treated with sul- 
phide of ammonium and filtered. The filtrates are then mixed with 
hydrochloric acid in excess; the first should give no preeipitate, te 
second only a white precipitate of sulphur. 

Uses. —Teroxide of bismuth when boiled with alkaline solutions of 
metallic sulphides decomposes with the latter, giving rise to the forma- 
tion of metallic oxides and sulphide of bismuth. It is better adapted to 
effect decompositions of this kind than oxide of copper, since it enables 
the operator to judge immediately upon the addition of a freslı portion 
whether the decomposition is complete or not. It has still another 
advantage over oxide of copper, viz., it does not, like the latter, dissolve 
in the alkaline fluid in presence of organic substances; nor does it act 
as a redueing agent upon reducible oxygen compounds. We use it 
prineipally to convert tersulphide and pentasulphide of arsenic into 
arsenious and arsenic acids, for which purpose oxide of copper is alto- 
gether inapplicable, since it converts the arsenious acid immediately 
into arsenic acid, being itself reduced to the state of suboxide. 


b. SULPHUR BasEes. 
840. 
1. SuLrnıne or AmMmonıvMm (NH3S). 


We use in analysis— 

a. Colorless protosulphide of ammonium. 

b. Yellom polysulphide of ammonium. 

Preparation. —Transmit hydrosulphuric acid gas through 3 parts of 
solution ammonia until no further absorption takes place; then add 
2 parts more of the same solution of ammonia. The action of hydro- 
sulphuric acid upon ammonia gives rise to the formation, first, ofNH,S 
(NH,O and HS=NH,S and HO), then of NH,S, HS; upon addition 
of the same quantity of solution of ammonia as has been saturated, the 
ammonia decomposes with the hydrosulphate of sulphide of ammonium, 
and protosulphide of ammonium is formed, thus: NH SHS+NHO= 
2NH,S+HO. The rule, however, is to add only two-thirds of the 
quantity of solution of ammonia, as it is better the preparation should 
contain a little hydrosulphate of sulphide of ammonium than that free 
ammonia should be present. To employ, as has usually been the case 
hitherto, hydrosulphate of sulphide of ammonium instead of the simple 

rotosulphide is unnecessary, and simply tends to increase the smell of 
sulphuretted hydrogen in the laboratory, as the preparation allows that 
gas to escape when in contact with metallic sulphur acids. _ 

Sulphide of ammonium should be kept in well-corked phials. It is 
colorless at first, and deposits no sulphur upon addition of acids. Upon 
exposure to the air, however, it acquires a yellow tint, owing to the 
formation of bisulphide of ammonium, which is attended also with 
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formation of ammonia and water, thus: 2 NH, S+0=N HB,+ 
NH,+HO. Continued action of the oxygen of the air upon the sul- 
phide of ammonium tends at first to the formation of still higher sul- 
phides ; but afterwards the fNuid deposits sulphur, and finally all the 
sulphide of ammonium is decomposed and the solution contains nothing 
but ammonia and hyposulphite of ammonia. The formation of hypo- 
sulphite is thus explained: NH,S, + 0,=-N4.05,0, 

The sulphide of ammonium which has turned yellow by moderate 
exposure to the air may be used for all purposes requiring the employ- 
ment of yellow sulphide of ammonium. The yellow sulphide may also 
be expeditiously prepared by digesting the protosulphide with some 
sulphur. All kinds of yellow As of ammonium deposit sulphur 
and look turbid and ie on being mixed with acids. 

Tests —Sulphide of ammonium must stron ‚ly emit the odor peculiar 
to it; with acids it must evolve abundance of sulphuretted hydrogen ; 
the evolution of gas may be attended by the separation of a pure white 
preeipitate, but no other precipitate must be formed. Upon evaporation 
and exposure to ared heat in a platinum dish it must leave no residue. 
It must not even on heating preeipitate or render turbid solution of 
magnesia or solution of lime (carbonate of ammonia or free ammonia). 

Uses. —Sulphide of ammonium is one of the most frequently employed 
reagents. It serves (a) to effect the precipitation of those metals which 
hydrosulphuric acid fails to throw down from acid solutions, e.g. of iron, 
eobalt, &e. (N H,S+Fe0,80,=FeS+N H,0,80,); (d) to separate 
the metallic sulphides thrown down from acid solutions by hydrosul- 
phuric acid, since it dissolves some of them to sulphur salts, as, for in- 
stance, the sulphides of arsenie and antimony, &c.(NH,S, AsS,, &e.), 
whilst leaving others undissolved—for instance, sulphide of lead, sulphide 
of cadmium, &e. The sulphide of ammonium used for this purpose 
must contain an excess of sulphur if the metallic sulphides to be dis- 
solved will dissolve only as higher sulphides, as, for instance Sn 8, which 
dissolves with ease only as Sn 3,. 

From solutions of salts of alumina and sesquioxide of chromium 
sulphide of ammonium precipitates hydrates of these oxides, with escape 
of sulphuretted hydrogen, as the sulphur compounds corresponding to 
these oxides cannot form in the wet way. [A1L,0,380,+3N H,S 
+6H0=Al0,3H0+3(NH,0,80,)+3H 8]. Salts insoluble in 
water are thrown down by sulphide of ammonium unaltered from their 
solutions in acids; thus, for instance, phosphate of lime is precipitated 
unaltered from its solution in hydrochlorie acid. 


sal. 
2. SuLpHıDE oF Sopıum (NaS). 


Preparation.— Same as sulphide of ammonium, except that solution 
of soda is substituted for solution of ammonia. Filter, if necessary, and 
keep the Auid obtained in well-stoppered bottles. If required to contain 
some higher sulphide of sodium digest it with powdered sulphur. 

Uses. —Sulphide of sodium must be substituted for sulphide of ammo- 
nium to effect the separation of sulphide of copper from sulphur com- 
pounds soluble in alkaline sulphides, e.g. from protosulphide of tin, as 
sulphide of copper is not quite insoluble in sulphide of ammonium. 
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IV. SALrrts. 


Of the many salts employed as reagents those of potassa, soda, and 
ammonia are used principally on account of their acids; salts of soda 
may therefore often be substituted for the corresponding potassa salts, 
&c. Thus it is almost always a matter of perfect indifference whether 
we use carbonate of soda or carbonate of potassa, ferroeyanide of potas- 
sum or ferrocyanide of sodium, &c. I have therefore here classified the 
salts of the alkalies Dy their acids. With the salts of the alkaline 
earths and those of the oxides of the heavy metals the case is 
different; these are not used for their acid, but for their base ; we may 
therefore often substitute for one salt of a base another similar one, as 
e.g. nitrate or acetate of baryta for chloride of barium, &e. For this 
reason I have classified the salts of the alkaline earths and of the heavy 
metals by their bases. 


a. SALTS OF THE ÄLKALIES. 
gm. 
1. SULPHATE oF PoTaAssA (KO,S0,). 


Preparation.—Purify sulphate of potassa of commerce by recrystal- 
lization, and dissolve 1 part of the pure salt in 12 parts of water. 

Uses —Sulphate of potassa serves to detect and separate baryta and 
strontia. It is in many cases used in preference to dilute sulphuric 
acid, which is employed for the same purpose, as it does not, like the 
latter reagent, disturb the neutrality of the solution. 


8.48. 
2. PHospHATE or SopA (2Na0,H0,PO, +24aq.). 


Preparation.—Purify phosphate of soda of commerce by recrystal- 
lization, and dissolve 1 part of the pure salt in 10 parts of water for use. 

Tests —Solution of phosphate of soda must not become turbid when 
heated with ammonia. The precipitates which solution of nitrate of 
baryta and solution of nitrate of silver produce in it must completely, 
and without effervescence, redissolve upon addition of dilute nitrie acid. 

Uses —Phosphate of soda precipitates the alkaline earths and all 
heavy metallic oxides by double aflinity. It serves in the course of 
analysis, after the separation of the oxides of the heavy metals, as a test 
for alkaline earths in general; and, after the separation of baryta, 
strontia, and lime, as a special test for the detection of magnesia ; for 
which latter purpose it is used in conjunction with ammonia, the 
magnesia precipitating as basic phosphate of magnesia and ammonia. 


$ 44. 
3. OXALATE oF AMMoNIA (2NH,0,0,0, +2aqg.). 


Preparation.—Dissolve 1 part of commercial oxalic acid (which 
usually contains potassa) in 6 parts of boiling water, allow to cool, 
pour off or filter the solution from the erystals of oxalic acid, which 
generally contain quadroxalate of potassa, evaporate again and allow to 
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cool. The second erop of cerystals is practically free from potassa. A 
third crop equally pure may also be obtained. The mother liquor 
together with the first crop may be used in the preparation of oxalate 
of potassa or soda. Dissolve the pure oxalic acid in 2 parts of distilled 
water, with the aid of heat, add solution of ammonia until the reaction 
is distinctly alkaline, and put the vessel in a cold place. Let the erystals 
drain. The mother liquor will, upon proper evaporation, give another 
crop of erystals. Purity all the erystals by reerystallization. Dissolve 
1 part of the pure salt in 24 parts of water for use. 

Tests — The solution of oxalate of ammonia must not be precipitated 
nor rendered turbid by hydrosulphuric acid, nor by sulphide of ammo- 
nium. Ignited on platinum, the salt must volatilize without leaving 
a residue. 

Uses —Oxalic acid forms with lime, strontia, baryta, oxide of lead, 
and other metallic oxides, insoluble or very difieultly soluble com- 
pounds; oxalate of ammonia produces therefore in the aqueous solutions 
of the salts of these bases precipitates of the corresponding oxalates. In 
analysis it serves principally for the detection and separation of lime. 


$45. 
4. Ackratz or Sopa (Na0, C,H,0,+6aq., or NaO, A+6ag.). 


Preparation.—Dissolve crystallized carbonate of soda in a little water, 
add to the solution acetic acid to slight excess, evaporate to erystalliza- 
tion, and purify the salt by reerystallization. For use dissolve 1 part of 
the salt in 10 parts of water. 

Tests. — Acetate of soda must be colorless and free from empyreumautic 
matter and inorganie acids. 

Uses. — The stronger acids in the free state decompose acetate of soda, 
combining witlı the base, and setting the acetic acid free. In the 
course of analysis acetate of soda is used prineipally to precipitate phos- 
phate of sesquioxide of iron (which is insoluble in acetic acid) from its 
solution in hydrochloric acid. It serves also to effect the separation of 
sesquioxide of iron and alumina, which it precipitates on boiling from 
the solutions of their salts. 


8.46. 
5. CARBONATE or Sova (Na0,C0,+10aq.). 


Preparatim.—Take bicarbonate of soda of commerce, put the powder 
. into a funnel u loosely with cotton wool, make the surface even, 
cover it with a disk of diflicultly permeable paper with turned-up edges, 
and wash by pouring small quantities of water on the paper disk, until 
the filtrate, acidified with nitrie acid, is not rendered turbid by solution 
of nitrate of silver, nor by solution of chloride of barium. Let the salt 
dry, and then convert it by gentle ignition into the simple carbonate. 
This is effeeted best in a crucible or dish of silver or platinum; but it 
may be done also in a en clean vessel of cast iron, or, on & 
small scale, in a porcelain dish. Pure carbonate of soda may be obtained 
also by repeated reerystallization of carbonate of soda of commerce. 
For use dissolve 1 part of the anhydrous salt or 2:7 parts of the erys- 
tallized salt in ö parts of water. 
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Tests —Carbonate of soda must be perfectly white. Its solution, 
after supersaturation with nitric acid, must not be rendered turbid by 
chloride of barium or nitrate of silver ; nor must addition of sulphocya- 
nide of potassium impart a red, or warming with molybdate of ammonia 
and nitrie acid a yellow tint to it, or give a yellow precipitate; the 
residue which remains upon evaporating its solution to dryness, after 
previous supersaturation with hydrochlorie acid, must leave no residue 
(silieie acid) when redissolved in water. When fused in a glass tube 
with eyanide of potassium for a long time in a eurrent of carbonic acid, 
it should give no trace of a dark sublimate (arsenic). See $ 182, 12. 

Uses —With the exception of the alkalies, carbonate of soda preeipi- 
tates the whole of the bases in tie form of neutral or basic carbonates. 
Those bases which are soluble in water as bicarbonates require boiling 
for their complete precipitation from acid solutions. Many of the pre- 
cipitates produced by the action of carbonate of soda exhibit a charac- 
teristic color, which may lead to the detection of the individual metals 
which they respectively contain. Solution of carbonate of soda serves 
also for the decomposition of many insoluble salts of the alkaline earths 
or of the metals, more particularly of those with organic acids.. Upon 
boiling with carbonate of soda these salts are converted into insoluble 
carbonates, whilst the acids combine with the soda and are thus 
obtained in solution. Carbonate of soda is often used also to saturate 
free acids. 


847. 
6. CARBONATE OF AMMoNIA (N H,0,C0O,). 


Preparation —We use purified sesquicarbonate of ammonia entirely 
free from any smell of animal oil, such as is prepared on a large scale 
from a mixture of chloride of ammonium and carbonate of lime by subli- 
mation. The outer and the inner surface of the mass are carefully 
scraped. One part of the salt is dissolved by digestion with 4 parts of 
water to which one part of solution of caustic ammonia has been added. 

Tests. —Pure carbonate of ammonia must completely volatilize. 
Neither solution of nitrate of baryta nor of nitrate of silver, nor sul- 
phuretted hydrogen, must color or precipitate it, after supersaturation 
with nitrie acid. 

Uses —Carbonate of ammonia precipitates, like carbonate of soda, 
most metallic oxides and earths; it is generally employed in preference 
to the latter reagent, because it introduces no non-volatile body into 
the solution. Complete preeipitation of many of the oxides takes place 
also only on boiling. Several of the precipitates redissolve again in an 
excess of the precipitant. In like manner carbonate of ammonia dis- 
solves many hydrated oxides and sulphides, and thus enables us to 
distinguish and separate them from others which are insoluble in this 
reagent. 

Carbonate of ammonia, like caustic ammonia, and for the same reason, 
fails to precipitate from acid solutions many oxides which it preeipitates 
from neutral solutions. (Compare $ 53.) We use carbonate of ammonia 
in analysis prineipally to effect the precipitation of baryta, strontia, and 
lime, and the separation of these substances from magnesia; also to 
separate sulphide of arsenic, which is soluble in it, from sulphide of 
antimony, which is insoluble. 
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848. 
>, BısuLrnıtEe or Sopa (Na 0,H0,280,). 


Preparatin. —Heat 5 parts of copper elippings with 20 parts of 
concentrated sulphuric acid in a flask, and conduct the sulphurous acid 
gas evolved, first through a washing bottle containing some water, then 
Into a Hask containing 4 parts of purified bicarbonate of soda ($ 46), 
or 7 parts of pure erystallized carbonate of soda, and from 20 to 30 parts 
of water, and which is not much more than half full; continue the 
transmission of the gas until the evolution of carbonie acid ceases. 
Keep the solution, which smells strongly of sulphurous acid, in a well- 
stoppered bottle. 
Tests. —Sulphite of soda, when evaporated to dryness with pure sul- 

huric acid, must leave a residue,* the aqueous solution of which is not 
altered by hydrosulphurie acid, nor preeipitated yellow by heating with 
a solution of molybdate of ammonia mixed with nitrie acid. 

Uses —Sulphurous acid has a great tendency to pass to the state of 

sulphurie acid by absorbing oxygen. It is therefore one of our most 

owerful redueing agents. Sulphite ofsoda, which has the advantage of 

eing less readily decomposed than sulphurous acid, acts in an analogous 
manner upon addition of acid. We use it prineipally to reduce arsenic 
acid to arsenious acid, chromie acid to sesquioxide of chromium, and 
sesquioxide of iron to rotoxide. It will serve also to effect the separa- 
tion of tersulphide of arsenie, which is soluble in it, from the sulphides 
of antimony and tin, which are insoluble in this reagent. 


s 49. 
8. NırrırE or PoTASSA (K0,NO,). 


Preparation. —In an iron pan fuse 1 part of nitre, add 2 parts oflead, 
and keep stirred with an iron rod. Even at a low red heat the lead 
becomes for the most part oxidized and converted into a yellow powder. 
To oxidize the remainder, the heat is increased to visible redness and 
maintained at that point for half an hour Allow to cool, treat with. 
cold water, filter and pass carbonic acid through the filtrate. This pre- 
cipitates almost the whole of the lead in solution, the remainder is 
removed with a little sulphuretted hydrogen. Evaporate the clear 
fluid to dryness, finally with stirring, and fuse in order to destroy any 
hyposulphite of potassa (Ava. STROMEYER). When required, dissolve 
] part in 2 parts of water, neutralize cautiously with acetic acid, and 
filter. 

Tests. Nitrite of potassa must upon addition of dilute sulphurie acid 
copiously evolve nitrie oxide gas. 

Uses —Nitrite of potassa is an excellent means to effect the detection 
and separation of cobalt, in the solutions of which metal it produces a 
preeipitate of nitrite of potassa and sesquioxide ofcobalt. Itserves also 
in presence of free acid to liberate iodine from its compounds. 


* The evaporation is attended with copious evolution of sulphurous acid. 
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$. 50. 
9. BicHRomATE OF PorTassa (KO,2Cr 0». 


Preparation.—Purify the salt of commerce by recrystallization, and 
dissolve 1 part of the pure salt in 10 parts of water for use. 

Uses —Chromate of potassa decomposes most ofthe soluble salts of 
metallic oxides by double affinity. Most of the precipitated chromates 
are very sparingly soluble, and many of them exhibit characteristic 
colors which lead readily to the detection of the particular metal which 
they respectively contain. We use bichromate of potassa principally as 
a test for lead. 


8 51. 
10. GRANULAR ANTIMONATE OF PoTassa (KO,Sb O, +7 aq.). 


Preparation. —Project a mixture of equal parts of pulverized tartar- 
emetic and nitrate of potassa in small portions at a time into a red- 
hot crucible. Afterthe mass has deflagrated, keep it at a moderate red 
heat for a quarter of an hour longer, which will make it froth at first, 
but after some time it will be seen in a state of calm fusion. Remove 
the crucible now from the fire, let the mass get sufliciently cold, and 
then extraet it with warm water. Transfer to a suitable vessel, which 
is easily done by rinsing, and decant the supernatant clear Huid from 
the heavy white powder deposited. Concentrate te decanted Huid by 
eyaporation. After] or2 days a doughy mass will separate. Treat 
this mass with three times its volume of cold water, working it at the 
same time with a spatula. This operation will serve to convert it into a 
fine granular powder, to which add the powder from which the fluid was 
decanted, wash well with boiling water, till the washings cease to be 
alkaline, and dry on blotting paper. 100 parts of tartar-emetic give 
about 36 parts of antimonate of potassa (BRUNNER). 

Tests and Uses —Granular antimonate of potassa is very sparingly 
soluble in water, requiring 90 parts of boiling and 250 parts of cold 
water for solution. The solution had always best be prepared imme- 
diately before required for use, by boiling the salt with water, and filter- 
ing off the fluid from the undissolved portion. The solution must be 
clear and of neutral reaction ; it must give no precipitate with solution 
of chloride of potassium, nor with solution of chloride of ammonium ; 
but solution of chloride of sodium must produce a crystalline precipitate 
init. Antimonate of potassa is a valuable reagent for soda, but its 
employment requires great caution, see $ 90. 


8 52. 


11. MoLyBDare or AmmonıA (NH,0,Mo0,), DISSOLYED ın 
Nıtrıc Acı. 


Preparation.—Triturate sulphide of molybdenum with about an equal 
bulk of coarse quartz sand washed with hydrochlorie acid, until the mass 
is reduced to a moderately fine powder ; heat the powder to faint red- 
ness, with repeated stirring, until the mass has acquired a lemon-yellow 
color (which after cooling turns whitish). With small quantities this 
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operation may be conducted in a flat platinum dish, with large quantities 
ina muffle. “ Extract the residuary mass with solution of ammonia, 
filter, evaporate the filtrate, heat the residue to faint redness until the 
mass appears yellow or white, and then digest for several days with 
nitrie acid in the water bath, in order to convert the phosphorie acid 
which is almost invariably present in the ore to the tribasic state. When 
the nitrie acid is evaporated dissolve the residue in 4 parts of solution of 
ammonia, filter rapidly, and pour the filtrate into 15 parts by weight of 
nitrie acid of 1'20 specitie gravity. Keep the mixture standing several 
days ina moderately warm place, which will cause the separation of any 
remaining traces of phosphoric acid as phospho-molybdate of ammonia. 
Decant the colorless Auid from the precipitate, and keep it for use, 
Heated to 40° no white preeipitate (molybdie acid or an acid salt of the 
same) will separate; but if the temperature is raised beyond that point 
this will at once take place unless more nitrie acid be alded (EGGERTZ). 

Uses —Phosphoric acid and arsenie acid form with molybdie acid and 
ammonia peculiar yellow compounds which are almost absolutely in- 
soluble in the nitrie acid solution of molybdate of ammonia. Tlıe phos- 
phoric acid compound is formed in the cold, the arsenie acid compound 
requires heat. Molybdate of ammonia affords therefore an excellent 
means to detect these acids, and more especially very minute quantities 
of phosphorie acid in acid solutions containing sesquioxide of iron, 
alumina, and alkaline earths. 


s 59. 
12. CHLorIDE or AmMmonıvuM (N HON). 


Preparation. —Select sublimed white sal ammoniac of commerce. If 
it contains iron it must be purified. For this purpose add ammonia to 
the boiling solution, continue boiling till the ee reaction has almost 
gone, allow the precipitate to subside, filter, and erystailize. Dissolve 
l part of the salt in 8 parts of water for use. 

Tests. —Solution of chloride ofammonium must leave no fixed residue 
upon evaporation on a platinum knife. Sulphide of ammonium must 
have no action upon it. Its reaction must be perfectly neutral. 

Uses. —Chloride of ammonium serves principally to retain in solution 
certain oxides (e.g. protoxide ofmanganese,magnesia) or salts (e.g. tartrate 
of lime) upon the precipitation of other oxides or salts by ammonia or 
some other reagent. This application ofehloride ofammonium is based 
upon the tendency of the ammonia salts to form double compounds with 
other salts. Chloride of ammonium serves also to distinguish between 
precipitates possessed of similar properties ; for instance, to distinguish 
the basic phosphate of magnesia and ammonia, which is insoluble in 
chloride ot ammonium, from other precipitates of magnesia. It is used 
also to preeipitate from their solutions in potassa various substances 
which are soluble in that alkali, but insoluble in ammonia; e.g. alumina, 
sesquioxide of chromium, &c. In this process the elements ofthe chlo- 
ride of ammonium transpose with those of the potassa, and chloride of 
potassium, water, and ammonia are formed. Chloride of ammonium is 
applied also as a special reagent to effect the precipitation ofplatinum as 
ammonio-bichloride of platinum. 
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$ 54. 
13. Cyanıpe or Porassıvm (K Cy). 


Preparation.—Heat ferrocyanide of potassium of commerce (perfectly 
free from sulphate of dee) gently, with stirring, until the erystalli- 
zation water is completely expelled ; triturate the anhydrous mass, and 
mix 8 parts of the dry powder with 3 parts of perfectly dry carbonate 
of potassa ; fuse the mixture in a covered Hessian or, better still, in a 
covered iron crucible, until the mass is in a faint glow, appears clear, 
and a sample ofit, taken out with a heated glass or iron rod, looks 
perfectly white. Remove the erucible now from the fire, tap it gently, 
and letit cool a little until the evolution of gas has ceased; pour the 
fused cyanide of potassium into a heated tall, erucible-shaped vessel of 
clean iron or silver, or into a moderately hot Hessian crucible, with 
proper care, to prevent the running out of any of the minute particles 
of iron which have separated in the process of fusion and have subsided 
to the bottom of the erucible. Let the mass now slowly cool in & 
somewhat warm place. The eyanide of potassium so prepared is exceed- 
inely well adapted for analytical purposes, although it contains carbonate 
and cyanate of potassa ; which latter is upon solution in water trans- 
formed into carbonate of ammonia and carbonate of potassa (KO, 
C,NO+4HO0=K0,C0,+NH,0,CO,). Keep it inthe solid form in 
a well-stoppered bottle, and dissolve 1 part of it in 4 parts of water, 
without application of heat, when required for use. 

Tests —Cyanide of potassium must be of a milk-white color and 
quite free from particles of iron or charcoal. It must completely dis- 
solve in water to aclear fluid. It must contain neither silicie acid nor 
sulphide of potassium ; the precipitate which salts of lead produce in its 
solution must accordingly be ofa white color, and the residue which its 
solution leaves upon evaporation, after previous supersaturation with 
hydrochloric acid,* must completely dissolve in water to a clear fluid. 

Uses —Cyanide of potassium prepared in the manner described pro- 
duces in the solutions of most of the salts of metallie oxides precipi- 
tates of cyanides of metals or ofoxides or carbonates which are insoluble 
in water. The precipitated cyanides are soluble in cyanide ofpotassium, 
and may therefore by further addition of the reagent be separated from 
the oxides or carbonates which are insoluble in cyanide of potassium. 
Some of the metallic eyanides redissolve myanhhle in the cyanide of 
potassium as double eyanides, even in presence of free hydrocyanie acid 
and upon boiling ; whilst others combine with eyanogen to new radicals, 
which remain in solution in combination with the potassium. "The most 
common compounds of this nature are cobaltieyanide of potassium and 
ferro- and ferricyanide of potassium. These differ from the double 
cyanides of the other kind particularly in this, that dilute acids fail to 
precipitate the metallic eyanides which they contain. Cyanide of potas- 
sium may accordingly serve also to separate the metals which form com- 
pounds of the latter description from others the eyanides of which are 
precipitated by acids from their solution in cyanide of potassium. In 
the course of analysis this reagent is of great importance, as it serves to 


* This supersaturation with hydrochloric acid is attended with disengagement of 
hydrocyanic acid. 
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effect the separation of cobalt from nickel ; also that of copper, the 
sulphide of which metal is soluble in it, from cadmium, the sulphide of 
which is insoluble. 


s 5. 


14. FErrocyANnIDE or Porassıum (2 K,C,N,Fe+3 aq. = 
2K,Cty+3aqg.). 


Preparation. —The ferroeyanide of potassium is found in commerce 
suficiently pure. 1 part ofthe salt is dissolved in 12 parts of water 
for use. 

Uses. —Ferrocyanogen forms with most metals compounds insoluble 
in water, which frequently exhibit highly characteristic colors. These 
ferrocyanides are formed when ferrocyanıde of potassium is brought into 
contact with soluble salts of metallic oxides, with chlorides, &e., the 
potassium changing places with the metals. Ferrocyanide of copper and 
ferrosesquiceyanide of iron exhibit the most characteristie colors of all; 
ferrocyanide of potassium serves therefore particularly as a test for oxide 
of copper and sesquioxide of iron. 


$ 56. 
15. FErRICYANIDE or Porassıum (3K, C,N,Fe,=3K,Cfdy). 


Preparatiomn.—Conduct chlorine gas slowly into a solution of 1 part 
of ferrocyanide of potassium in{10 parts of water, with frequent stirring, 
until the solution exhibits a fine deep red color by transmitted light (the 
light of a candle answers best), and a portion of the fluid produces no 
longer a blue precipitate in a solution of sesquichloride of iron, but 
imparts a brownish tint to it. Evaporate the Huid now in a dish to 4 
of its weight, and let erystallize. The mother liquor will upon further 
evaporation yield a second crop of erystals equally fit for use as the first. 
Dissolve the whole of the erystals obtained in 3 parts of water, filter if 
necessary; evaporate the solution briskly to half its volume, and let 
erystallize again. Whenever required for use, dissolve a few of the 
crystals, which are of a splendid red color, in a little water. The solu- 
tion, as already remarked, must produce neither a blue precipitate nor a 
blue color in a solution of sesquichloride of iron. 

Uses. —Ferricyanide of potassium decomposes with solutions of me- 
tallic oxides in the same.manner as ferrocyanide of potassium. Of the 
metallie ferricyanides the ferriprotoeyanide of iron is more particularly 
characterized by its color, and we apply ferrieyanide of potassium there- 
fore prineipally as a test for protoxide of iron. 


s 57. 
16. SuLpHocyAanıDE oF Potassıum (K,C,NS, or K, Cy S,). 


Preparation.—Mix together 46 er of anhydrous ferrocyanide of 
potassium, 17 parts of carbonate ot potassa, and 32 parts of sulphur; 
introduce the mixture into an iron pan provided with a lid, EF fuse 
over a gentle fire; maintain the same temperature until the swelling of 
the mass which ensues at first has completely subsided and given place 
to a state of tranquil and clear fusion ; increase the temperature now, 
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towards the end of the operation, to faint redness, in order to decompose 
the hyposulphite of potassa which has been formed in the process. Re- 
move the half refrigerated and still soft mass from the pan, crush it, 
and boil repeatedly with alcohol of from 80 to 90 per cent. Upon cooling, 
part of the sulphocyanide of potassium will separate in colorless erystals;; 
to obtain the remainder, distil the alcohol from the mother liquor. 
Dissolve 1 part of the salt in 10 parts of water for use, 

Tests —Solution of sulphocyanide of potassium must remain per- 
fectly colorless when mixed with perfectly pure dilute hydrochlorie 
acid. 

Uses. —Sulphocyanide of potassium serves for the detection of sesqui- 
oxide of iron, for which substance it is at once the most characteristic 
and the most delicate test. 


b. SALTS OF THE ALKALINE EARTHS. 
s 58. 
1. CuLorıpe or Barıvm (BaCl+2.ag.). 


Preparation.—a. From heavy spar. Mix together 8 parts of pulverized 
sulphate of baryta, 2 parts of charcoal in powder, and 1 part of common 
resin. Put the mixture in a crucible, and expose it in a wind furnace 
to a long-continued red heat. Triturate the crude sulphide of barium 
obtained, boil about „% of the powder with 4 times its quantity of water, 
and add hydrochlorie acid until all effervescence of sulphuretted hydro- 
gen has ceased, and the fluid manifests a slight acid reaction. Add 
now {he remaining „2, part of the sulphide of barium, boil some time 
longer, then filter, and let the alkaline fluid erystallize. Dry the erys- 
tals, redissolve them in water, and crystallize again. 

b. From witherite. Pour 10 parts of water upon 1 part of pulverized 
witherite, and gradually add erude hydrochloric acid until the witherite 
is almost completely dissolved. Add now a little more finely pulverized 
witherite, and heat, with frequent stirring, until the fluid has entirely 
or very nearly lost its acid reaction ; add solution of sulphide of barium 
as long as a precipitate forms; then filter, evaporate the filtrate to 
crystallization, and purify by erystallizing again. For use dissolve 1 
part of the chloride of barium in 10 parts of water. 

Tests —Pure chloride of barium must not alter vegetable colors; its 
solution must not be colored or ae by hydrosulphuric acid, nor 
by sulphide of ammonium. Pure sulphurie acid must precipitate every 
fixed particle from it, so that the fluid filtered from the precipitate formed 
upon the addition of that reagent leaves not the slightest residue when 
evaporated on platinum foil. 

Uses —Baryta forms with many acids soluble, with others insoluble 
compounds. This property of baryta affords us therefore a means of 
distinguishing the former acids, which are not precipitated by chloride 
of barium, from the latter, in the solution of the salts of which this re- 
agent produces a precipitate. The preeipitated salts of baryta severally 
show with acids a different deportment. By subjecting these salts to 
the action of acids we are therefore enabled to subdivide the group of 
preeipitable acids and even to detect certain individual acids. This 
makes chloride of barium one of our most important reagents to distin- 
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guish between certain groups of acids, and more especially also to effect 
the detection of sulphuric acid. 


859. 
2. NıTRATE OF BaryrA (BaO,NO,). 


Preparation.—Treat carbonate of baryta, no matter whether witherite 
or precipitated by carbonate of soda from solution of sulphide of barium, 
with dilute nitric acid free from chlorine, and proceed exactly as directed 
in the preparation of chloride of barium from witherite. For use, dis- 
solve 1 part of the salt in 15 parts of water. 

Tests —Solution of nitrate of baryta must not be made turbid by 
solution of nitrate of silver. Other tests the same as for ehloride of 
barium. b 

Uses —Nitrate of baryta is used instead of chloride of barium in 
cases where itis desirable to avoid the presence of a metallic chloride in 
the fluid. 


$ 60. 
3. CARBONATE OF BARYTA (Ba0,C0,). 


Preparation.—Dissolve crystallized chloride of barium in water, heat 
to boiling, and adda solution of carbonate of ammonia mixed with some 
caustic ammonia, or of pure carbonate of soda, as long as a preeipitate 
forms; letthe precipitate subside, decant five or six times, transfer the 
precipitate to a filter, and wash until the washing water is no longer 
rendered turbid by solution of nitrate of silver. Stir the precipitate 
with water to the consistence of thick milk, and keep this mixture in 
- stoppered bottle. It must of course be shaken every time it is required 

or use. 

Tests —Pure sulphurie acid must precipitate every fixed particle 
from a solution of carbonate of baryta in hydrochloric acid (compare 
8 36). 

Uses —Carbonate of baryta completely decomposes the solutions of 
many metallic oxides, e.9. sesquioxide of iron, alumina; precipitating 
from them the whole of the oxide as hydrate and basic salt, whilst some 
other metallic salts are not precipitated by it. It serves therefore to 
Se the former from the latter, and affords an excellent means of 
eftecting the separation of sesquioxide of iron and alumina from prot- 
oxide of manganese, oxide of zinc, lime, magnesia, &c. It must be 
borne in mind, however, that the salts must not be sulphates, as car- 
bonate of baryta equally precipitates the latter bases from these 
compounds, 


s61. 
4. Surpnare or Lime (Ca 0,80, erystallized Ca0,80,+2ag.).. 


Preparation.—Digest and shake powdered crystallized gypsum (sele- 
nite) for some time with water; let the undissolved portion subside, 
decant, and keep the clear fluid for use. 

Uses —Sulphate of lime, being a difhicultly soluble salt, is a con- 
venient agent in cases where it is wished to ing a solution of a lime salt 
or of a sulphate of a definite degree of dilution. As dilute solution of 

p F 
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a lime salt it is used for the detection of oxalic acid ; whilst as dilute 
solution of a sulphate it affords an excellent means of distinguishing 
between baryta, strontia, and lime. 


8 62. 
5. CHLORIDE or Carcrum (Call, erystallized Ca Cl + 6.aq.). 


Preparation. —Dilute 1 part of crude hydrochloric acid with 6 parts 
of water, and add to the fluid marble or chalk until the last portion 
added remains undissolved; add now some hydrate of lime, then sul- 
phuretted hydrogen water until a filtered portion of the mixture is no 
longer altered by sulphide of ammonium. ‚Then let the mixture stand 
covered for 12 hours at a gentle heat; filter, exactly neutralize the 
filtrate, concentrate by evaporation, and erystallize. Let the erystals 
drain, and dissolve 1 part of the salt in 5 parts of water for use. 

Tests. — Solution of chloride of caleium must be perfectly neutral, and 
neither be colored nor preeipitated by sulphide of ammonium ; nor ought 
it to evolve ammonia when mixed with hydrate of potassa or hydrate of 
lime. 

ITses. —Chloride of caleium is in its action and application analogous 
to chloride of barium. For as the latter reagent is used to separate the 
inorganic acids into groups, SO chloride of caleium serves in the same 
manner to effect the separation of the organic acids into groups, since it 
precipitates some ofthem, whilst it forms soluble compounds with others. 
And, as is the case with the baryta precipitates, the different conditions 
under which the various insoluble lime salts are thrown down enable us 
to subdivide the group of preeipitable acids. 


8 63. 
6. SuULPHATE OF MAGNESIA. 
(Mg 0, SO,, erystallized Mg0,S0,H0+6aq.). 


Preparation. —Dissolve 1 part of sulphate of magnesia of commerce in 
10 parts of water; if the salt is not perfectly pure, subject it to recrys- 
tallization. 

Tests —Sulphate of magnesia must have a neutral reaction. Its solu- 
tion, when mixed with a sufficient quantity of chloride of ammonium, 
must, after the lapse of half an hour, not appear clouded or tinged by 
pure ammonia, or by carbonate or oxalate of ammonia, or by sulphide of 
ammonium, 

Uses. —Sulphate of magnesia serves almost exelusively for the detec- 
tion of phosphorie acid and arsenic acid, which it preeipitates from 
aqueous solutions of phosphates and arsenates, in presence of ammonia 
and chloride of ammonium, in the form of almost absolutely insoluble 
highly characteristic double salts (basie phosphate or basic arsenate of 
magnesia and ammonia). Sulphate of magnesia is also employed to test 
sulphide of ammonium (see $ 40). 
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c. SALTS OF THE ÖXIDES OF THE Heavy METALS. 
$ 64. 
1. SULPHATE OF PROTOXIDE OF Iron. 
(Fe 0,S0,, erystallized FeO0,S0,HO+6agq.). 


Preparation.-—Heat an excess of iron nails free from rust, or of clean. 
iron wire, with dilute sulphurie acid until the evolution of hydrogen 
ceases; filter the sufficiently concentrated solution, add a few drops of 
dilute sulphuric acid to the filtrate, and allow it to cool. Wash the 
crystals with water very slightly acidulated with sulphuric acid, dry, and 
keep for use. The sulphate of protoxide of iron may also be prepared 
from the solution of sulphide of iron in dilute sulphurie acid which is 
obtained in the process of evolving hydrosulphuric acid. 

Tests —T'he erystals of sulphate of protoxide of iron must have a fine - 
pale green color. Crystals that have Te more or less oxidized by the 
action of the air, and give a brownish-yellow solution when treated 
with water, leaving undissolved basic sulphate of sesquioxide of iron 
behind, must be altogether rejected. Hydrosulphuric acid must not 
precipitate solution of sulphate of protoxide of iron after addition of 
some hydrochlorie acid, nor even impart a blackish tint to it. 

Uses. —Sulphate of protoxide of iron has a great disposition to absorb 
oxygen, and to be converted into the sulphate of the sesquioxide. It 
acts therefore as a powerful reducing agent. We employ it principally 
for the reduction of nitrie acid, from which it separates nitrie oxide by 
withdrawing three atoms of oxygen from it. "The decomposition of the 
nitric acid being attended in this case with the formation of a very 
peculiar brownish-black compound of nitrie oxide with an undecom- 
posed portion of the salt of the protoxide of iron, this reaction affords 
a particularly characteristic and delicate test for the detection of nitrie 
acid. Sulphate of protoxide of iron serves also fer the detection of 
hydroferricyanie acid, with which it produces a kind of Prussian blue, 


and also to effect the preeipitation of metallic gold from solutions of the 
salts of that metal. 


8 69. 
2. SESQUICHLORIDE OF IRoN (Fe,Cl,). 


Preparation —Heat in a flask a mixture of 10 parts of water and 1 
part of pure hydrochlorie acid with small iron naıls until no further 
evolution of hydrogen is observed, even after adding the nails in excess; 
filter the solution into another flask, and conduct into it chlorine gas, 
with frequent shaking, until the fluid no longer produces a blue precipi- 
tate in solution of ferricyanide of potassium. Heat until the excess of 
chlorine is expelled. Dilute until the Huid is twenty times the weight 
of the iron dissolved, and keep for use. 

Tests. —Solution of sesquichloride of iron must not contain an excess 
of acid; this may be readily ascertained by stirring a diluted sample of 
it with a glass rod dipped in ammonia, when the absence of any excess 
of acid will be proved by the formation of a precipitate which 'shaking 
the vessel or agitating the fluid fails to A ie Ferrieyanide of 
potassium must not impart a blue salor to it. 

F2 


68 NITRATE OF SILVER. [$$ 66, 67. 


Uses. —Sesquichloride of iron serves to subdivide tlıe group of organic 
acids which chloride of caleium fails to precipitate, as it produces pre- 
cipitates in solutions of benzoates and suceinates, but not in cold solu- 
tions of acetates and formates. The aqueous solutions of the neutral 
acetate and formate of sesquioxide of iron exhibit an, intensely red color ; 
aan of iron is therefore a useful agent for detecting acetie 
acid and formie acid. Sesquichloride of iron is exceedingly well 
adapted to effect the decomposition of phosphates of the alkaline earths 
(see 8142). It serves also for the detection of hydroferrocyanic acid, 
with which it produces Prussian blue. 


$ 66. 
3. NITRATE oF SıLver (AgO,NO,). 


Preparation.—Dissolve 1 part of the pure salt in 20 parts of water. 

Tests. —Dilute hydrochloric äcid must completely precipitate all fixed 
particles from solution of nitrate of silver, which should have a neutral 
reaction; the fluid filtered from the precipitated chloride of silver must 
accordingly leave no residue when evaporated on a watch-glass, and 
must be neither preeipitated nor eolored by hydrosulphurie acid. 

Uses. —Oxide of silver forms with many acids soluble, with others 

"insoluble compounds. Nitrate of silver may therefore serve, like 
chloride of barium, to effect the separation and arrangement of acids 
into groups. 

Most of the insoluble compounds of silver dissolve in dilute nitrie 
acid; chloride, bromide, iodide, and cyanide, ferrocyanide, ferricyanide, 
and sulphide of silver are insoluble in that menstruum, Nitrate of 
silver is therefore a most excellent agent to distinguish and separate 
from all other acids the hydracids corresponding to the last enumerated 
compounds of silver. Many of the insoluble salts of silver exhibit a 
peculiar color (chromate of silver, arsenate of silver), or manifest a 
characteristic deportment with other reagents or upon the application ot 
heat (formate of silver); nitrate of silver is therefore an important 
agent for the positive detection of certain acids. 


s 67. 
4, Acktarz or Lean (PbO, A, erystallized Pb O, A +3aq.) 


The best acetate of lead of commerce is sufliciently pure ; for use 
dissolve I part of the salt in 10 parts of water. 

Tests Sugar of lead must completely dissolve in water acidified 
with one or two drops of acetic acid; the solution must be quite clear 
and colorless ; hydrosulphuric acid must throw down all fixed particles 
from it. On mixing the solution of sugar of lead with carbonate of 
ammonia in excess, and filtering the mixture, the filtrate must not 
show a bluish tint (copper). 

Uses.—Oxide of lead forms with a great many acids compounds in- 
soluble in water, which are marked either b peculiarity of color or 
characteristie deportment. The acetate of lea therefore produces pre- 
cipitates in the solutions of these acids or of their salts, and essentially 
contributes to the detection of several of them. Thus chromate of lead, 
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for instance, is characterized by its yellow color, phosphate of lead by 
its peculiar deportment before the blowpipe, and malate of lead by its 
ready fusibility. 


” | s 68. 


5. NITRATE OF SUBOXIDE OF MERCURY (Hg,0, NO,, erystallized 
Hg,0,NO, +2aq.). 


Preparation.—Pour 1 part of pure nitric acid of 1’2 spec. gr. on 1 
part of pure mercury in a porcelain dish, and let the vessel stand 
twenty-four hoursin a cool place; separate tlıe crystals formed from the 
undissolved mercury and the mother liquor, and dissolve them in water 
mixed with one-sixteenth part of nitrie acid, by trituration in a mortar. 
Filter the solution, and keep the filtrate in a bottle with some metallic 
mercury covering the bottom of the vessel. 

Tests —The solution of nitrate of suboxide of mercury must give with 
dilute hydrochlorie acid a copious white preeipitate of subchloride of 
mercury ; hydrosulphuric acid must produce no precipitate in the fluid 
filtered from this, or atall events only a trifling black preeipitate (sulphide 
of mercury). 

Uses —Nitrate of suboxide of mercury acts in an analogous manner to 
the corresponding salt of silver. In the first place, it precipitates many 
acids, especially the hydracids; and, in the second place, it serves for the 
detection of several readily oxidizable bodies, e.g. of formie acid, as the 
oxidation of such bodies, which takes place at the expense of the oxygen 
of the suboxide of mercury, is attended with the highly characteristie 
separation of metallic mercury. 


8.69. 
6. CHLORIDE OF Mercury (HgC]). 


The chloride of mercury of commerce is suffieiently pure. For use 
dissolve 1 part of the salt in 16 parts of water. 

Uses —Ühloride of mercury gives with several acids, e.g. with hydri- 
odie acid, peculiarly colored precipitates, and may accordingly be used 
for the detection of these acids. It is an important agent for the detec- 
tion of tin where that metal is in solution in the state of protochloride ; 
if only the smallest quantity of that compound is present the addition 
of chloride of mercury in excess to the solution is followed by separation 
of subchloride of mercury insoluble in water. In a similar manner 
chloride of mercury serves also for the detection of formie acid. 


870, 
7. SULPHATE OF ÜOPPER (Cu 0, S0,, erystallized CuO,S0,,HO +4 aq.)- 


Preparatiom.—This reagent may be obtained in a state of great purity 
from the residue remaining in the Hlask in the process of preparing bisul- 
phite of soda ($ 48), by treating with water, applying heat, filtering, 
adding a few drops of nitrie acid, boiling for some time, allowing to 
erystallize, and purifying the salt by reerystallization. For use dissolve 
1 part in 10 parts of water. 

Tests — After precipitation by hydrosulphurie acid, ammonia and 
sulphide of ammonium must leave the filtrate unaltered. 


70 PROTOCHLORIDE OF TIN. [$$ 71, 72. 


Uses. —Sulphate of copper is employed in qualitative analysis to effect 
the preeipitation of hydriodie acid in the form of subiodide of copper. 
For this purpose it is necessary to mix the solution of 1 part of sulphate 
of copper with 24 parts of sulphate of protoxide of iron, otherwise half of 
the iodine will separate in the free state. The protoxide of iron changes 
in this process to sesquioxide, at the expense of the oxygen of the oxide 
of copper, which latter is thus reduced to the state of a Sulphate 
of copper is used also for the detection of arsenious and arsenic acids ; it 
serves likewise as a test for the soluble ferrocyanides. 


UL 
8. PROTOCHLORIDE oF Tın (Sn Cl, erystallized Sn Cl +2 aq.). 


Preparation —Reduce grain tin to powder by means of a file, or by 
fusing it in a small porcelain dish, removing from the fire, and triturating 
with a pestle until it has passed again to the solid state. Boil the 
powder for some time witli concentrated hydrochlorie acid in a fHask 
(taking care always to have an excess of tin in the vessel) until hydro- 
gen gas is scarcely evolved ; dilute the solution with 4 times the quantity 
of water slightly acidulated with hydrochlorie acid, and filter. Keep 
the filtrate for use in a well-stoppered bottle containing small pieces of 
metallic tin, or some pure tin-foil. If these precautions are neglected 
the protochloride will soon change to bichloride, with separation of 
white oxychloride, which will render the reagent unfit for use. 

Tests — Solution of protochloride of tin must, when added to excess 
of solution of chloride of mercury, immediately produce a white preci- 
pitate of subchloride of mercury; when treated with hydrosulphurie 
acid it must give a dark brown precipitate ; it must not be precipitated 
nor rendered turbid by sulphurie acid. 

Uses —T'he great tendency of protochloride of tin to absorb oxygen, 
and thus to form binoxide, or rather bichloride—as the binoxide ın the 
moment of its formation decomposes with the free hydrochloric acid 
present— makes this substance one of our most powerful reducing 
agents. It is more particularly suited to withdraw part or the whole of 
the chlorine from chlorides. ‘We employ it in the course of analysis as 
a test for mercury ; also to effect the detection of gold. 


872. 
9. BıicuLorıpe or Pıarınum (PtCl, erystallized Pt Cl, + 10 aq.). 


Preparation. —Treat platinum clippings, purified by boiling with 
nitric acid, with concentrated hydrochloric acıd and some nitrie acid in 
a narrow-necked flask, and apply a very gentle heat, adding occasionally 
fresh portions of nitrie acid, until the platinum is completely dissolved. 
Evaporate the solution on the water-bath, with addition of hydrochloric 
acid, and dissolve the semifluid residue in 10 parts of water for use. 

Tests —Bichloride of platinum must, upon evaporation to dryness in 
the water-bath, leave a residue which dissolves completely in spirit of 
wine. 

Uses. —Bichloride of platinum forms very sparingly soluble double 
salts with chloride of potassium and chloride of ammonium, but not so 
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with chloride of sodium; it serves therefore to detect ammonia and 
potassa, and may, indeed, be looked upon as our most delicate reagent 
for the latter substance in the wet way. 


- 878. 
10. Sopro-PRoTOCHLORIDE ur Parranıum (NaCl, PdCl). 


Dissolve 5 parts of palladium in nitrohydrochlorie acid (comp. $ 72), 
add 6 parts of pure chloride of sodium, evaporate in the water-bath to 
dryness, and dissolve 1 part of the residuary double salt in 12 parts of 
"water for use. The brownish solution affords an excellent means for 
detecting and separating iodine. 


874. 
11. TERCHLORIDE or GoLD (Aull,). 


Preparatim.—Take fine shreds of gold, which may be alloyed with 
silver or copper, treat them in a flask with nitrohydrochlorie acid in 
excess, and apply a gentle heat until no more of the metal dissolves, 
then dilute the solution with 10 parts of water. If the gold was alloyed 
with copper—which is known by the brownish-red preeipitate produced 
by ferrocyanide of potassium in a portion of the solution diluted with 
water —mix it with solution of sulphate of protoxide of iron in excess. 
This will reduce the terchloride to metallic gold, which will separate in 
the form of a fine brownish-black powder ; wash the powder in a small 
task, and redissolve it in nitrohydrochlorie acid ; evaporate the solution 
on the water-bath, and dissolve the residue in 30 parts of water. If the 
gold was alloyed with silver, the latter metal remains as chloride upon 
treating the alloy with nitrohydrochlorie acid. In that case evaporate 
the solution at once, and dissolve the residue in water for use. 

Uses. —Terchloride of gold has a great tendency to yield up its 
chlorine; it therefore readily converts protochlorides into Foher chlo- 
rides, protoxides, with the co-operation of water, into higher oxides. 
These oxidations are usually indieated by the preeipitation of pure 
metallic gold in the form of a brownish-black powder. In the course 
of analysis this reagent is used only for the detection of protoxide of 
tin, in the solutions of which it produces a brownish-red or purple color 
or precipitate. 


V. CoLoRING MATTERS AND INDIFFERENT VEGETABLE 
SUBSTANCES. 


875. 
1. Test PAPERS. 
a. BLue Lırtmus PAPER. 


Preparation. —Digest 1 part of litmus of commerce with 6 parts of 
water, and filter the solution; divide the intensely blue filtrate into 2 
equal parts ; saturate the free alkali in the one half by repeatedly stirring 
with a glass rod dipped in very dilute sulphurie acıd, until the color of 
the fluid just appears red; add now the other half of the blue filtrate, pour 


12 LITMUS PAPER. [$ 75. 


the whole fluid into a dish, and draw slips of fine unsized paper through 
it; suspend these slips over threads, and leave them to dry. The color 
of litmus paper must be uniform, and neither too light nor too dark. 
The paper must be readily wetted by aqueous fluids. 

Uses —The red coloring matters contained in litmus appear blue in 
the commercial article, in the aqueous extract of the same, and in the 
paper colored with it, only from the presence of alkaline bases. If 
any one of the blue preparations comes in contact with free acid, the 
latter combines with the bases, and in consequence the proper color of 
the natural litmus appears. Litmus paper is therefore an excellent 
means for the detection of free acids. The power of weak volatile acids 
to bind the alkaline bases is but transient; hence when they volatilize 
the blue color again appears. It must be borne in mind that the soluble 
neutral salts of most of the heavy metals also cause the blue color to 
change to red. 


8. REDDENED Lıtmus PAPER. 


Preparation.—Stir blue solution of litmus with a glass rod dipped in 
dilute sulphurie acid, and repeat this process until the fluid has just 
turned distinctly red. Dip slips of paper in the solution, and dry tem 
asina. The dried slips must look distinctly red. 

Uses —Alkalies and alkaline earths, and also the sulphides of their 
metals, alkaline carbonates, and the soluble salts of some other weak 
acids, especially of boracie acid, all present bases to the red coloring 
matters of litmus and occasion the formation of blue compounds similar 
to those contained in blue litmus. Hence the reddened litmus is colored 
“blue by the solutions of these substances, and it serves for their detec- 

“tion in general. Ammonia does not color litmus paper permanently 
‚blue, so on its volatilization the natural red color of the litmus 
reappears. 


y. GEORGINA PAPER (Dahlia Paper). 


Preparatim. —Boil the violet-colored petals of Georgina purpurea 
(purple dahlia) in water, or digest them with spirit of wine, and dip slips 
of paper in the tincture obtained. The latter should be neither more 
nor less concentrated than is necessary to make the paper when dry 
again appear of a fine and light violet blue color. Should the color too 
much incline to red, this may be remedied by adding a very little 
ammonia to the tincture. 

Uses —Georgina paper is reddened by acids, whilst alkalies impart a 
beautiful green tint to it. It is therefore an extremely convenient 
substitute both for the blue and the reddened litmus paper. This 
reagent, if properly prepared, is a most delicate test both for acids and 
alkalies. Concentrated solutions of caustic alkalies turn Georgina paper 
yellow by destroying the coloring matter. 


ö. TURMERIC PAPER. 


Preparation —Digest and heat 1 part of bruised turmeric root with 
6 parts of weak spirit of wine, filter the tincture obtained, and dip slips 
of fine paper in the filtrate. "The dried slips must exhibit a fine yellow 
tint; they must be readily wetted by aqueous fluids. 


$ 76.] SOLUTION OF INDIGO. 13 


Uses. —Turmeric paper serves the same as reddened litmus paper and 
dahlia paper for the detection of free alkalies, &e., as they change its 
ellow color to brown. It is not so delicate as the other test papers; 
ut the change of color is highly characteristie, and is very distinctly 
perceptible with many colored Hluids ; we therefore cannot well dispense 
with this paper. When testing with turmeric paper it is to be borne in 
mind that, besides the substances enumerated in ß, other bodies (boracic 
acid, for instance) possess the property of turning its yellow color to 
red, more especially on drying. It affords an excellent means for the 
detection of boracic acid. 


All test papers are cut into slips, which are kept in small well- 
closed boxes, or in bottles covered with black paper, as continued action 
of light destroys the color. 


9. SoLUTION OF INDIGO. 


Preparation.— Take from 4 to 6 parts of fuming sulphurie acid, add 
slowly and in small portions at atime 1 part of finely -pulverized indigo, 
taking; care to keep the mixture well stirred. The acıd at first acquires 
a brownish tint from the coloring matter mixed with the indigo blue, 
but it subsequently turns deep blue. Elevation of temperature to auy 
considerable extent must be avoided, as part of the indigo blue is 
thereby destroyed; it is therefore advisable when dissolving large quan- 
tities of the substance to place the vessel in cold water. When the whole 
of the indigo has been added to the acid, cover the vessel, let it stand 
forty-eight hours, then pour its contents into 20 times the quantity of 
water, mix, filter, and keep the filtrate for use. 

Uses —Indigo is decomposed by boiling with nitrie acid, yellow- 
colored oxidation products being formed. It serves therefore for the 
detection of nitrie acid. Solution of indigo is also well adapted to effect 
the detection of chloric acid and of free chlorine. 


B. REAGENTS IN THE DRY WAY. 


I. FLuxes Anp DECoOMPOoSING AGENTS. 
8.76. 


1. MixTURE OF ÜARBONATE OF SODA AND ÜARBONATE OF POTASSA 
(Na0,C00,+K0,C0,). 


Preparation.—Digest 10 parts of purified bitartrate of potassa in 
men with 10 parts of water and 1 part of hydrochloric acid for several 
ıours on the water-bath, with frequent stirring ; put the mass into a 
funnel with a small filter in the point; let it drain; cover with a disc 
of rather difieultly permeable filtering paper with upturned edges, and 
wash by repeatedly pouring upon this small quantities of cold water; 
continue this washing process until the fluid running off is no longer 
rendered turbid by solution of nitrate of silver, after addition of nitrie 
acid. Dry the bitartrate of potassa freed in this manner from lime (and 
phosphoric acid). It is now necessary to prepare pure nitrate of potassa. 


74 MIXTURE OF CARBONATES OF SODA AND POTASSA. [$ 76. 


To effect this, dissolve nitrate of potassa of commerce in half its weight 
of boiling: water, filter the solution into a porcelain or stoneware dish, 
using a hot funnel, and stir it well with a clean wooden or porcelain 
spatula until cold. Transfer the erystalline powder to a funnel loosely 
stopped with cotton wool, let it drain, press down tight, make even 
at the top, cover with a double disc of diflicultly permeable filtering 
paper with upturned edges, and pour upon this at proper intervals 
small portions of water until the washings are no longer made turbid 
by solution of nitrate of silver. Empty now the contents of the funnel 
into a porcelain dish, dry in this vessel, and reduce the mass to a fine 
powder. 

Mix now 2 parts of the pure bitartrate of potassa with 1 part of 
the pure nitrate of potassa ; project the perfectly dry mixture in small 
portions at a time into a clean-scoured cast-iron pot heated to gentle 
redness ; when the mixture has deflagrated heat strongly until a sample 
gives with water a perfectly colourless solution. Triturate the charred 
mass with water, filter, wash slightly, and evaporate the filtrate in a 
porcelain or, better still, in a silver dish, until the fluid is covered with 
a persistent pellicle. Let the mixture now cool, with constant stirring ; 
put the crystals of carbonate of potassa on a funnel, letthem well drain, 
wash slightly, dry thoroughly in a silver or porcelain dish, and keep in 
a well-stoppered bottle. "The mother liquor leaves upon evaporation a 
salt which, though containing traces of alumina and silieie acid, may 
still be turned to account for many purposes. 

Mix 13 parts ofthe pure carbonate of potassa prepared in the manner 
just now described with 10 parts of pure anhydrous carbonate of soda, 
and keep the mixture in a well-stoppered bottle. "The mixture of car- 
bonate of potassa and carbonate of soda may also be prepared by defla- 
grating 20 parts of pure bitartrate of potassa with 9 parts of pure 
nitrate of soda, treating with water, and evaporating the solution to 
dryness. Or by igniting pure tartrate of potassa and soda, extracting 
the carbonaceous mass with water, and evaporating the clear solution to 
dryness. 

Tests —The purity of the mixed salt is tested as directed $ 46. To 
detect any trace of eyanide of potassium that may happen to be present, 
add a little of a solution of proto-sesquioxide of iron, then hydrochloric 
acid in excess, when the bluish-green coloration of the fluid and the 
formation of a blue precipitate after a time will indicate the presence of 
cyanide of potassium. 

Uses —If silicie acid or a silicate is fused with about 4 parts (con- 
sequently with an excess) of carbonate of potassa or soda, carbonie acid 
escapes with effervescence, and a basic alkaline silicate is formed, which, 
being soluble in water, may be readilyseparated from such metallic oxides 
as it may contain in admixture ; from this basic alkaline silicate hydro- 
chloric acid separates the silicie acid as hydrate. Ifa fixed alkaline 
carbonate is fused together with sulphate of baryta, strontia, or lime, 
there are formed carbonates of the alkaline earths and sulphate of the 
alkali, in which new compounds both the base and the acid of the 
originally insoluble salt may now be readily detected. However, we do 
not use either carbonate of potassa or carbonate of soda separately to 
effect the decomposition of the insoluble silicates and sulphates; but we 
apply for this purpose the above-described mixture of both, because this 
mixture requires a far lower degree of heat for fusion than either of its 
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two components, and thus enables us to conduet the operation over a 
Berzelius lamp, or over a simple gas-lamp. The fusion with alkaline 
carbonates is invariably effected in a platinum crucible, provided no 
reducible metallic oxides be present. 


s.00: 
9, Hyoprarz or Baryra (BaO, HO). 


Preparation.—The erystals of baryta prepared in the manner direeted 
$ 36 are heated gently in a silver or platinum dish, until the water of 
erystallization is completely expelled. The residuary white mass is 
pulverized, and kept for use in a well-closed bottle. 

Uses. —Hydrate of baryta fuses at a gentle red heat without losing 
its water. Upon fusing silicates which resist decomposition by acids 
together with about 4 times their weight of hydrate of baryta, basic 
silicates are formed which acids will decompose. If, therefore, the fused 
mass is treated with water and hydrochloric acid, the solution evaporated 
to dryness, and the residue digested with dilute hydrochlorie acid, the 
silieic acid is left behind, and the oxides are obtained in solution in the 
form of chlorides. We use hydrate of baryta as a fHlux when we wish to 
test silicates for alkalies. This reagent is preferable as a fHux to the car- 
bonate or nitrate of baryta, since it does not require a very high tempe- 
rature for its fusion, as is the case with the carbonate, nor does it cause 
any spirting in the fusing mass, arising from disengagement of gas, as 
is the case with the nitrate. The operation of fusıng with hydrate of 
baryta is conducted in silver or platinum crucibles. 


78. 
3. FLuorıpE or Carcıum (CaF). 


Take fluor-spar as pure as can be procured and, more particularly, free 
from alkalies, reduce to fine powder, and keep this for use. 

Uses —Fluoride of caleium applied in conjunction with sulphurie acid 
serves to effect the decomposition of silicates insoluble in acids, and more 
especially to detect the alkalies which they contain. Compare Section 
III. silieie acid, $ 150. 


79. 
4. Nırrare or Sona (Na 0, NO,). 


Preparation. —Neutralize pure nitric acid with pure carbonate ofsoda 
exactly, and evaporate to erystallization. Dry the crystals thoroughly, 
triturate, and keep the powder for use. 

Tests —A solution of nitrate of soda must not be made turbid by 
solution of nitrate of silver or nitrate of baryta, nor precipitated by 
carbonate of soda. 

Uses. Nitrate of soda serves as a very powerful oxidizing agent, by 
yielding oxygen to combustible substances when heated with them. We 
use this reagent principally to convert several metallic sulphides, and 
more particularly the sulphides of tin, antimony, and arsenic, into oxides 
and acids; also to effect the rapid and complete combustion of organic 
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substances. For the latter purpose, however, nitrate of ammonia is 
sometimes preferable ; itis prepared by saturating nitrie acid with 
carbonate of ammonia. 


$ 80. 
5. Acın SULPHATE OF Porassa (K0,H0,280,). 


Preparation. —Mix 87 parts neutral sulphate of potassa ($ 42) with 
49 parts pure concentrated sulphuric acid in a platinum dish or large 
platinum crucible, heat to low redness till the mass is in a state ofcalm 
fusion, then pour out into a platinum dish placed in cold water, or onto 
a piece of porcelain, break the cake into smaller pieces and keep for use. 

Tests. —The acid sulphate of potassa must dissolve in water with ease 
to a clear fluid with a strong acid reaction. The solution must not be 
rendered turbid or preeipitated by hydrosulphurie acid or by ammonia 
and sulphide of ammonium. 

Uses —The acid sulphate of potassa at the temperature of fusion 
dissolves and decomposes many bodies, which cannot be dissolved and 
decomposed by acids in the wet way without considerable difhieulty, such 
as ignited alumina, titanie acid, chrome ironstone, &c. This, reagent 
therefore, is of service in effecting the solution or decomposition of such 
bodies. The fusion is preferably effected in platinum vessels. 


Il. BLowrıpEe REAGENTS. 
Sol, 
l. CARBONATE oF SopA (Na0,CO,). 


Preparation.—See $ 46. 

Uses —Üarbonate of soda serves, in the first place, to promote the 
reduction of oxidized substances in the inner flame of the blowpipe. In 
fusing it brings the oxides into the most intimate contact with the char- 
coal support, and enables the flame to embrace every part ofthe substance 
under examination. With salts of the heavy metals the reduction is 
preceded by separation of the base. It co-operates in this process also 
chemically by the transposition of its constituents (according to R. 
WAGNER, in consequence of the formation of cyanide of sodium). 
Where the quantity operated upon was very minute, the reduced metal 
is often found in the pores of the charcoal. In such cases the parts sur- 
rounding the cavity which contained the substance are dug out with a 
knife, and triturated in a small mortar ; the charcoal is then washed off 
from the metallic particles, which now become visible either in the form 
of powder or as small spangles, as the case may be. 

Uarbonate of soda serves, in the second place, as a solvent. Platinum 
wire is the most convenient support for testing the solubility ofsubstances 
in fusing carbonate of soda. A few only of the bases dissolve in fusing 
carbonate of soda, but acids dissolve in it with facility. Carbonate of 
soda is also applied as a decomposing agent and flux, and more particu- 
larly to effect the decomposition of the insoluble sulphates, with which 
it exchanges acids, the newly-formed sulphate of soda being reduced at 
the same time to sulphide of sodium ; and to effect the decomposition of 
sulphide ofarsenic, with which it forms a double sulphide of arsenic and 
sodium, and arsenite or arsenate of soda, thus converting it.to a state 
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which permits its subsequent reduction by hydrogen. Carbonate of soda 
also is the most sensitive reagent in the dry way for the detection of 
manganese, as it produces when fused in the outer flame with a substance 
containing manganese a green opaque bead, owing to the formation of 
manganate of soda. 


s 832. 
9, CyanıpE or Porassıum (K Cy). 


Preparation.—See $ 54. 

Uses —Cyanide of potassium is an exceedingly powerful reducing 
agent in the dry way; indeed it excels in its action almost all other 
reagents of the same class, and separates the metals not only from most 
oxygen compounds, but also from many sulphur compounds. This 
reduction is attended in the former case with formation of eyanate of 
potassa, by the absorption of oxygen, and in the latter case with forma- 
tion of sulphocyanide of potassium, by the taking up of sulphur. By 
means of this reagent we may effect the reduction of metals from their 
compounds with the greatest possible facility ; thus we may, for instance, 
produce metallic antimony from antimonious acid or from sulphide of 
antimony, metallic iron from sesquioxide of iron, &c. The readiness 
with which cyanide of potassium enters into fusion facilitates the reduc- 
tion ofthe metals greatly; the process may usually be conducted even 
in a porcelain erucible over a spirit or gas lamp. Cyanide of potassium is 
a most valuable and important agent to effect the reduction of binoxide 
of tin, antimonie acid, and more particularly of tersulphide of arsenic. 
Cyanide of potassium is equally important as a blowpipe reagent. Its 
action is exceedingly energetic ; substances like binoxide of tin, the 
reduction of which by means of carbonate of soda requires a tolerably 
strong flame, are reduced by cyanide of potassium with the greatest 
facility. In blowpipe experiments we invariably use a mixture ot equal 
parts of carbonate of soda and cyanide of potassium ; the admixture of 
carbonate of soda is intended here to check in some measure the excessive 
fusibility of the eyanide of potassium. This mixture of eyanide of 
potassium with carbonate of soda, besides being a far more powerful 
reducing agent than the simple carbonate of soda, has moreover this 
great advantage over the latter, that it is absorbed by the pores of the 
charcoal with extreme facility, and thus permits the production of the 
metallic globules in a state of the greatest purity. 


83. 
3, BIBoRATE OF SopDA. Borax. 
(Na0,2BO,, erystallized + 10 aq.). 


The purity of commercial borax may be tested by adding to its solu- 
tion carbonate of soda or, after previous addition of nitrie acid, solution 
of nitrate of baryta or of nitrate of silver. The borax may be consi- 
dered pure if these reagents fail to produce any alteration in the solu- 
tion; but if either of them causes the formation of a precipitate, or 
renders the Auid turbid, recrystallization is necessary. The pure crys- 
tallized borax is exposed to a gentle heat, in a platinum crucible, until 
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it ceases to swell; it is then left to cool, and afterwards pulverized and 
kept for use. 

Uses —Boracic acid manifests a great aflınity for oxides when brought 
into contact with them in a state of fusion. This affınity enables it, in 
the first place, to combine directly with oxides; secondly, to expel 
weaker acids from their salts; and, thirdly, to predispose metals, sul- 
phides, and haloid compounds to oxidize in the outer ame of the blow- 
pipe, that it may combine with the oxides. Most of the thus produced 
borates fuse readily, even without the aid of a flux, but far more so in 
conjunction with borate of soda; the latter salt acts in this operation 
either as a mere flux, or by the formation of double salts. Now in the 
biborate of soda we have both free boracie acid and borate of soda; the 
union of these two substances renders it one of our most important 
blowpipe reagents. In the process of fusing with borax we usually 
select platinum wire for a support; the loop of the wire is moistened or 
heated to redness, then dipped into the powder, and exposed to the outer 
tlame ; a colorless bead of fused borax is thus produced. A small por- 
tion of the substance is then attached to the bead, by bringing the latter 
into contact with it whilst still hot or having previously moistened it. 
The bead with the substance adhering to it is now exposed to the gas 
or blowpipe flame, and the reactions are observed. The following points 
ought to be more particularly watched :—(1) Whether or not the sub- 
stance dissolves to a transparent bead, and whether or not the bead 
retains its transparency on cooling;; (2) whether the bead exhibits a 
distinct color, which in many cases at once clearly indicates the indi- 
vidual metal which the substance contains; as is the case, for instance, 
with cobalt; and (3) whether the bead manifests the same or a different 
deportment in the outer and in the inner flame. Reactions of the 
latter kind arise from the ensuing reduction of higher to lower oxides, 
or even to the metallic state, and are for some substances particularly 
characteristic. 


8 84. 
4. PuospHATE OF SODA AND AMMONIA. Microcosmie Salt. 
(Na0,NH,0,H0,PO,, erystallized +8 aq.). 


Preparation.—a. Heat to boiling 6 parts of phosphate of soda and 1: 
part of pure chloride of ammonium with 2 parts of water, and let the 
solution cool. Free the crystals produced of the double phosphate of 
soda and ammonia from the chloride of sodium which adheres to them 
by recrystallization, with addition of some solution of ammonia. Dry 
the purified crystals, pulverize, and keep for use. 

b. Take 2 equal parts of pure tribasic phosphorie acid, and add solu. 
tion of soda to the one, solution of ammonia to the other, until both 
fluids have a distinct alkaline reaction ; mix the two together, and let 
the mixture crystallize. 

Tests. —Phosphate of soda and ammonia dissolves in water to a fluid 
with feebly alkaline reaction. The yellow precipitate produced in this 
Auid by nitrate of silver must completely dissolve in nitric acid. Upon 
fusion on a platinum wire, microcosmic salt must give a clear and color- 
less bead. 

Uses —On heating phosphate of soda and ammonia the ammonia 
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escapes with the water of erystallization, leaving acid pyrophosphate of 
soda (Na0,H0,PO,); upon heating more strongly the last equiva- 
lent of water escapes likewise, and readily fusible metaphosphate o soda 
(Na0, PO,) is left behind. The action of microcosmic salt is quite 
analogous to that of biborate of soda. We prefer it, however, in some 
cases to borax as a solvent or fux, the beads which it forms with many 
substances being more beautifully and distinetly colored than those of 
borax. Platinum wire is also used for a support in the process of flux- 


ing with microcosmie salt; the loop must be made small and narrow, 
otherwise the bead will not adhere to it. The operation is conducted 


as directed in the preceding paragraph. 


$ 8. 


5. Nırratz or Proroxıpe or CoBaLr (CoO,NO,, erystallized + 
5.aq.). 


Preparation. —Fuse in a Hessian crucible 3 parts of acid sulphate of 
otassa, and add to the fused mass, in small portions at a time, 1 part 
of well-roasted cobalt ore (the purest zaffre you can procure) reduced to 
fine powder. 'The mass thickens, and acquires a pasty consistence. 
Heat now more strongly until it has become more fluid again, and con- 
tinue to apply heat until the excess of sulphurie acid is completely ex- 
pelled, and the mass accordingly no longer emits white fumes. Remove 
the fused mass now from the erucible with an iron spoon or spatula, let 
it cool, and reduce it to powder ; boil this with water until the undis- 
solved portion presents a soft mass; then filter the rose-red solution, 
which is free from arsenie and nickel, and mostly also from iron. Add 
to the filtrate a small quantity of carbonate of soda, so as to tlırow down 
a little carbonate of protoxide of cobalt, boil, and filter. Precipitate 
the solution, which is now free from iron, boiling with carbonate of 
soda, wash the precipitate well, and treat it still moist with oxalie acid 
in exeess. Wash the rose-red oxalate of protoxide of cobalt thoroughly, 
dry, and heat to redness in a glass tube, in a current of hydrogen gas. 
This decomposes the oxalate into carbonic acid, which escapes, and 
metallic cobalt, which is left behind. Wash the metal, first with water 
containing acetic acid, then with pure water, dissolve in dilute nitrie 
acid, treat—if necessary— with hydrosulphuric acid, filter the fluid from 
the sulphide of Ber &e., which may precipitate, evaporate the solu- 
tion in the water-bath to dryness, and dissolve 1 part of the residue in 
10 parts of water for use. 

Tests — Solution of nitrate of protoxide of cobalt must be free from 
other metals, and especially also in salts of the alkalies; when preci- 
pitated with sulphide of ammonium, and filtered, the filtrate must upon 
evaporation on platinum leave no fixed residue. 

Uses. Protoxide of cobalt forms upon ignition with certain infusible 
bodies (oxide of zine, alumina) peculiarly coloured compounds, and may 
accordingly serve for their detection. 


REACTIONS, [$$ 86; 87.] 


SROTTIOR. ZE 


REACTIONS, OR DEPORTMENT OF BODIES WITH REAGENTS, 


8 86. 


I STATED in my introductory remarks that the operations and expe- 
riments of qualitative analysis have for their object the conversion of 
the unknown constituents of any given compound into forms of which 
we know the deportment, relations, and properties, and which will 
accordingly permit us to draw correct inferences regarding the several 
constituents of which the analysed compound consists. The greater or 
less value of such analytical experiments, like that of all other inquiries 
and investigations, depends upon the greater or less degree of certainty 
with which they lead to definite results, no matter whether of a positive 
or negative nature. But as a question does not render us any the 
wiser if we do not know the language in which the answer is returned, 
so in like manner will analytical investigations prove unavailing if we 
do not understand the mode of expression in which the desired infor- 
mation is conveyed to us; in other words, if we do not know how to 
interpret the phenomena produced by the action of our reagents upon 
the substance examined. 

Before we can therefore proceed to enter upon the practical inves- 
tigation of analytical chemistry, it is indispensable that we should really 
possess the most perfect knowledge of the deportment, relations, and 
properties of the new forms into which we intend to convert the sub- 
stances we wish to analyse. Now this perfect knowledge consists, in 
the first place, in a clear conception and comprehension of the condi- 
tions necessary for the formation of the new compounds and the mani- 
festation of the various reactions; and in the second place, in a distinet 
impression of the color, form, and physical properties which charac- 
terize the new compound. This section of the work demands therefore 
not only the most careful and attentive study, but requires moreover 
that the student should examine and verify by actual experiment every 
fact asserted in it. 

The method usually adopted in elementary works on chemistry is to 
treat of the various substances and their deportment with reagents in- 
dividually and separately, and to point out their characteristic reactions. 
I have, however, in the present work deemed it more judicious and 
better adapted to its elementary character, to arrange those substances 
which are in many respects analogous into groups, and thus, by com- 
paring their analogies with their differences, to place the latter in the 
clearest possible light. 


A.—DsEroRTMENT OF THE METALLIC OXIDES AND 
OF THEIR RADICALS, 
8 87. 


Before proceeding to the special study of the several metallic oxides, 
I give here a general view of the whole of them classified in groups— 
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showing which oxides belong to each group. The grounds upon which 
the classification has been arranged will appear from the special consi- 
deration of the several groups. 

First group— 

Potassa, soda, ammonia (oxide of cesium, oxide of rubidium, lithia). 

Second group— 

Baryta, strontia, lime, magnesia. 

Third group— 

Alumina, sesquiowide of ehromium (berylla, thoria, zirconia, yttria, 
oxide of erbium, oxides of cerium, lanthanium, didymium, titanium, 
tantalium, niobium). 

‚Fourth group— 

Oxides of zine, manganese, mickel, eobalt, iron (of uranium, thallium, 
indium, vanadium). 

Fifth group— 

Oxides of siver, mercury, lead, bismuth, copper, cadmium (of palladium, 
rhodium, osmium, ruthenium). 

Sixth group— 

Oxides and acids of gold, platinum, tin, antimony, arsenie (of iridium, 
molybdenum, tellurium, tungsten, selenium). 

Of these metallic oxides only those printed in italies are found dis- 
tributed extensively and in large quantitiesin that portion ofthe earth’s 
crust which is accessible to our investigations; these are therefore most 
important to chemistry, arts and manufactures, agrieulture, a 
&c.; and we shall therefore dwell upon them at greater length. The 
remainder are more briefly considered in paragraphs printed in smaller 
type, which may be passed over by the younger class of students of 
analytical chemistry. The properties and reactions of the metals them- 
selves I have given only in the case of those that are more frequently 
met with in the metallic state in analytical operations. 


8 88. 
FIRST GROUP. 


More common oxides :—PoTAssA, SoDA, AMMONIA. 

Rarer oxides :—OxıpE oF Üzsıum, OxIDE oF RUBIDIUM, 
‚LitH1a. 

‚Properties of the group. —The alkalies are readily soluble in water, as 
well in the pure or caustic state as in the form of sulphides, carbonates, 
and phosphates. (The salts of lithia, however, dissolve with difficulty.) 
Accordingly the alkalies do not preeipitate one another in the pure state, 
nor as carbonates or phosphates (which in the case of lithia, however, 
presupposes a higher degree of dilution of the solutions), nor are they 
preeipitated by hydrosulphuric acid under any condition whatever. 'The 
solutions of the pure alkalies as well as of their sulphides and carbonates 
restore the blue color of reddened litmus-paper, and impart an intensely 
brown tint to turmeric paper. 
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Special Reactions of the more common Ozxides of the first group. 
8 89. 
a. PotassA (KO). 


1. PorassA and its HYDRATE and SALTS are not volatile at a faint 
red-heat. Potassa and its hydrate deliquesce in the air; the oily 
liquids formed absorb carbonic acid rapidly from the air, but without 
solidifying. 

2. Nearly the whole of the saLts OF PoTAssA are soluble in water 
Those with colorless acids are colorless. The neutral salts of potassa 
with strong acids do not alter vegetable colors. Carbonate of potassa 
erystallizes (in combination with 2 equivalents of water) with difhiculty, 
and deliquesces in the air. Sulphate of potassa is anhydrous and suffers 
no alteration in the air. 

3. Bichloride of platinum produces in the neutral and acid solutions a 
yellow erystalline heavy precipitate of BICHLORIDE OF PLATINUM AND 
CHLORIDE OF POTASSIUM (potassio-Dichloride of platinum) (K Cl, PtC],). 
In concentrated solutions this precipitate separates immediately upon 
the addition of the reagent:: in dilute solutions it forms only after some 
time, often after a considerable time. Very dilute solutions are not pre- 
eipitated by the reagent. 'T’he precipitate consists of octahedrons dis- 
cernible under the mieroscope. Alkaline solutions must be acidified 
with hydrochlorie acid before the bichloride of platinum is added. The 
precipitate is dificultly soluble in water ; the presence of free acids does 
not greatly increase its solubility ; it is insoluhle in alcohol. Bichloride 
of platinum is therefore a partieularly delicate test for salts of potassa 
dissolved in spirit of wine. The best method of applying this reagent 
is to evaporate the aqueous solution of the potassa salt with bichloride 
of platinum nearly to dryness on the water-bath, and to pour a little 
water over the residue (or, better still, some spirit of wine, provided no 
substances insoluble in that menstruum be present), when tlıe potassio- 
bichloride of platinum will be left undissolved. Care must be taken not 
to confound this double salt with ammonio-bichloride of platinum, which 
greatly resembles it (see $ 91, 4). 

4. Tartarie acid produces in neutral or alkaline* solutions—a white, 
quickly subsiding, granular erystalline precipitate of ACID TARTRATE 
or poTassA (K OÖ, H 0, C,H,Ö,,). In concentrated solutions this pre- 
cipitate separates immediately ; in dilute solutions often only after the 
lapse of a considerable time. Vigorous shaking or stirring of the fluid 
greatly promotes its formation. Very dilute solutions are not precipi- 
tated by this reagent. Free alkalies and free mineral acids dissolve the 
preeipitate ; it is sparingly soluble in cold, but pretty readily soluble in 
hot water. In acid solutions the free acid must, if practicable, first be 

Er by evaporation and ignition, or the solution must be neutralized 
with soda or carbonate of soda. 

Acid tartrate of soda answers still better as a test for than free 

N tartaric acid. The reaction is the same in kind, but different in degree, 
being much more delicate with the salt than with the free acid, since 
where the former is used the soda salt of the acid combined with the 


* To alkaline solutions the reagent must be added until the fluid shows a strongly 
acid reaction. 
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potassa is formed, whereas where free tartaric acid is the test applied 
the hydrate of the acid combined with the potassa is formed, which tends 
to increase the dissolving action of the water present upon the acid tar- 
trate of potassa, and thus to check the separation of the latter (KO,N O, 
+Na0,H0,0,H,0,=K0,H0,C,H,0,,+Na0,NO,). 

5. If a potassa salt which is volatile at an intense red heat is held 
on the loop of a fine platinum wire in the fusing zone of the Bunsen 
gas-lamp (p. 23), the salt volatilizes, and imparts a BLUE VIOLET tint 
to the part of the Hame above the sample. Chloride of potassium and 
nitrate of potassa volatilize rapidly, the carbonate and sulphate less 
rapidly, and the phosphate still more slowly ; but they all of them dis- 
tinetly show the reaction, though decreasing in degree. If it is wished 
to obtain a more uniform manitestation of the reaction, i.e. a manifesta- 
tion independent of the nature of the acid that may chance to be com- 
bined with the potassa, the sample need simply be moistened with sul- 
phuric acid, dried at the border of the flame, and then introduced into 
the fusing zone. With silicates, and other compounds of potassa of 
difheult volatility, the reaction may be ensured by fusing the sample 
first with pure gypsum, as this serves to form silicate of lime and sul- 
phate of potassa, which latter salt then readily colors the Hdame. Decre- 
pitating salts are ignited in a platinum spoon before they are attached 
to the loop. The sample of the potassa salt may also be held before the 
apex of the inner blompipe,flame produced with a spirit-lamp. Presence 
of a salt of soda completely obscures the potassa coloration of the flame. 

The spectrum of the potassa flame produced by the speetroscope 
(p. 28, or p. 29) is shown on Table I. It contains two characteristie 
lines, the red line a and the indigo blue line 8. If the potassa flame is 
observed through the indigo prism (p. 27) the coloration appears sky- 
blue, violet, and at last intensely crimson, even through the thickest 
layers of the solution. Admixtures of lime, soda, and lithia compounds 
do not alter this reaction, as the yellow rays cannot penetrate the indigo 
solution, and the rays of the lithia flame also are only able to pass 
through the thinner layers of that solution, but not through the thicker 
layers; tlıe exact spot where the penetrating power of the rays of the 
lithia fame ceases has to be marked by the operator on his indigo 
prism. But organic substances which impart luminosity to the fame 
might lead to mistakes, and must therefore, if present, first be removed 
by combustion. Instead of the indigo prism a blue glass may be used; 
if lithia is present the glass must be sufliciently thick to keep outthe red 
lithia rays. 

6. If a salt of potassa (chloride of potassium answers best) is heated 
with a small quantity of water, alcohol (burning with colorless flame) 
added, heated, and then kindled, the tlame appears viorLer. The pre- 
sence of soda obscures this reaction, which is altogether much less 
delicate than the one described in 5. 


8 90. 
b. SopA (Na0). 


1. SopA and its HYDRATE and SALTS present in general the same 
roperties and reactions as potassa and its corresponding compounds. 
he oily fluid which soda forms by_deliquescing in the air resolidifies 
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speedily by absorption of carbonie acid. Carbonate of soda erystallizes 
readily; the crystals (Na0,C0,+10aq.) efloresce rapidly when 
exposed to the air. The same applies to the erystals of sulphate of 
soda (Na 0,8 0,+10aq.) 

2. If a sufliciently concentrated solution of a soda salt with neutral 
or alkaline reaction is mixed, for greater convenience, in a watch-glass, 
with a solution of granular antimonate_of potassa prepared according to 
the directions of $ öl, the mixture remains clear at first, or appears 

Jonly slightly turbid; but upon rubbing the part of the glass wetted by 
‚the fluid with a glass rod, a crystalline precipitate of ANTIMONATE OF 
‚sopa (Na0,SbO, +7 aq.) speedily separates, which makes its appear- 
Yance first along the lines rubbed with the rod, and subsides from the 
fluid as a heavy sandy precipitate. From dilute solutions of soda salts 
the precipitate separates only after some time, occasionally as much as 
twelve hours. From very dilute solutions it does not separate at all. 
The precipitated antimonate of soda is invariably erystalline. Where it 
has separated slowly it occasionally consists of well-formed mieroscopie 
cubic octahedrons, but more frequently of four-sided columns tapering 
pyramid fashion; where it has separated promptly, it appears in the 
form ot small boat-shaped erystals. Presence of large quantities of 
salts of potassa interferes very considerably with the reaction. Acid 
solutions cannot be tested with antimonate of potassa, as free acids 
will separate from the latter substance hydrated antimonie acid or acid 
antimonate of potassa. It is indispensable therefore, before adding the 
reagent, to remove, if possible, the free acid by evaporation or ignition, 
or where this is not practicable, by neutralizing the acid solution with a 
little carbonate of potassa until the reaction is feebly alkaline. It should 
also be borne in mind that only such solutions can be tested with anti- 
monate of potassa which contain no other bases besides soda and potassa. 

3. If salts of soda are held in the fusing zone of the Bunsen gas- 
lamp, or in the inner spirit blompipe ‚flame, they show, with regard to 
their relative volatility and the action of decomposing agents upon them, 
a similar deportment to the salts of potassa; the soda salts are, how- 
ever, a little less volatile than the corresponding potassa salts. But the 
most characteristic sign of the presence of soda salts is the INTENSE 
YELLOW COLORATION which they impart to the Hame. This reaction 
will effect the detection of even the minutest quantities of soda, and is 
not obscured even by the presence of large quantities of potassa. 

The spectrum (Table I.) shows onlya single yellow line « inan 
ordinary speetroscope, but with a very powerful apparatus two lines will 
be visible distinetly, although they are exceedingly close to each other. 
The reaction is so delicate that the chloride of sodium contained in 
atmospheric dust generally suflices to give a soda spectrum, although a 
faint one. 

It is characteristic of the soda flame that a erystal_of_bichromate_of 
potassa appears_colorless in its light, and that a slip of paper “oated 
with iodide of mercury appears white with a faint shade of yellow 
(Bussen); also that it looks orange yellow when observed through a 

) green glass (Merz). These reactions are not obscured by presence of 
salts of potassa, lithia, and lime. 

4. If salts of soda (chloride of sodium answers best) are treated as 
stated p. 83, 6, the alcohol Hlame is colored intensely vELLow. The 
presence of a potassa salt does not impair the distinctness of this reaction, 
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5. Bichloride of platinum produces no precipitate in neutral or acıd 
solutions of soda salts. Sodio-bichloride of platinum dissolves readily 
both in water and in spirit of wine; it crystallizes in rosy prisms, 

6. Tartarie acid et acid tartrate of soda fail to precipitate even con- 
centrated neutral solutions of soda salts. 


891. 
ce. AmmonıA (NH,O). 


1. Anhydrous ammon1A (N H,) is gaseous at the common tempera- 
ture ; but we have most frequently to deal witlı it in its aqueous solution, 
in which it betrays its presence at once by its penetrating odor. It is 
expelled from this solution by the application of heat. Itmay be assumed 
that the solution contains it as oxide of ammonium (N H,O) (see $ 35). 

2. Allthe saLts OF AMMoNIA are volatile at a low heat, either with 
or without decomposition. Most of them are readily soluble in water. 
The solutions are colorless. The neutral compounds of ammonia with 
strong acids do not alter vegetable colors. 

3. If salts of ammonia are triturated together with Aydrate ‘of lime, 
best with the addition of a few drops of water, or are, either in the solid 
state or in solution, heated with solution of potassa or of soda, the ammonia 
is liberated in the gaseous state, and betrays its presence—l, by its 
characteristic ODOR ; 2, by its REACTION on moistened test-papers; and 
3, by giving rise to the formation of wHITE FUMES when any object 
(e.g. a glass rod) moistened with hydrochloric acid, nitrie acid, acetic 
acid, or any of the volatile acids, is brought in contact with it. These 
fumes arise from the formation of solid ammoniacal salts produced by 
the contact of the gases in the air. Hydrochlorie acid is the most 
delicate test in this respect; acetic acid, however, admits less readil 
of a mistake. If the expulsion of the ammonia is effected in a u ‚ 
beaker, best with hydrate of lime, with addition of a very little water, 
and the beaker is covered with a watch-glass having a slip of moistened 
turmeric or reddened litmus paper attached to the centre of the convex 
side, the reaction will show the presence of even very minute quantities 
of ammonia; only it is not immediate in such cases, but requires some 
time for its manifestation. Itis promoted and accelerated by application 
of a gentle heat. 

4. Bichloride of platinum shows the same deportment with salts of 
ammonia as with salts of potassa; the yellow precipitate of BICHLORIDE 
OF PLATINUM AND CHLORIDE OF AMMONIUM (N H,C1,PtC],) consists, 
like the corresponding potassium compound, of octahedrons discernible 
under the microscope. 

5. Tartarie acid throws down after some time from most highly 
cuncentrated solutions with neutral reaction part of the ammonia as 
ACID TARTRATE OF AMMONIA (N H ,0,H 0,C,H ‚0 .). Less concentrated 
solutions are not precipitated. Acid tartrate of soda precipitates concen- 
trated solutions more completely, and produces a precipitate even in 
more dilute solutions. The precipitate is white and crystalline. Its 
separation may be promoted by shaking the glass, or rubbing it inside 
with a glass rod. By solvents it is acted upon like the correspondin 
en salt, only that it is a little more readily soluble in water ad 
in acids. 
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Recapitulation and remarks —The salts of potassa and soda are not 
volatile at a moderate red heat, whilst the salts of ammonia volatilize 
readily; the latter may therefore be easily separated from the former by 
ignition. The expulsion of ammonia from its compounds by hydrate of 
lime affords the surest means of ascertaining the presence of this sub- 
stance. Salts of potassa can be detected in the wet way only after the 
removal of the ammoniacal salts which may be present, since both 
classes of salts manifest the same or a similar deportment with bichloride 
of platinum and tartaric acid. After the removal of the ammonia the 
potassa is clearly and positively characterized by either of these two 
reagents. Let it be borne in mind always that the reactions will only 
show in concentrated fluids, and that dilute solutions must therefore first 
be concentrated. A single drop of a concentrated solution will give a 
positive result, which cannot be obtained with a large quantity ofa 
dilute fluid. The most simple way of detecting the potassa in the two 
sparingly soluble compounds that have come under our consideration 
here—viz., the potassio-bichloride of platinum and the acid tartrate of 
potassa—is to decompose these salts by gentle ignition ; the former 
thereupon yields the potassa in the form of chloride of potassium, the 
latter in the form of carbonate of potassa. For the direct detection of 
potassium in iodide of potassium tartaric acid is better suited than bichlo- 
ride of platinum, since where the latter reagent is used the separation 
ofthe platino-chloride of potassium is interfered with in consequence of 
the formation of a dark red fluid containing biniodide and iodide of 
platinum and free iodine. As regards soda, this alkali may be detected 
with positive certainty in the wet way by antimonate of potassa, pro- 
vided the reagent be properly prepared and freshly dissolved, and the 
soda salt solution be concentrated, neutral, or feebly alkaline, and free 
from other bases, and that it be borne in mind that antimonate of soda 
invariably separates in the crystalline form, and never in a flocculent 
state. To detect in this way very minute quantities of soda in presence 
of alarge proportion of potassa, precipitate the latter alkali first with 
bichloride of platinum, filter, remove the platinum from the filtrate by 
hydrosulphuric acid ($ 127), filter, evaporate the filtrate to dryness, 
ignite gently, dissolve the residue in a very little water, and then test 
the solution finally with antimonate of potassa. 

Potassa and soda may be detected much more readily and speedily 
than in the wet way, and also with far greater delicacy, by the flame colo- 
ration. We have seen, indeed, that the soda coloration completely 
obscures the potassa coloration, even though the potassa salt contains 
only a trifling admixture of soda salt. But with the aid of the spectrum 
apparatus the spectra of the two are obtained so distinct and beautiful 
that a mistake is altogether impossible. And even without a spectrum 
apparatus the potassa coloration can always be distinctly recognised 
through the indigo prism, or through a blue glass, even in a flame 
colored strongly yellow by soda; and the soda coloration again may be 
placed beyond doubt, if necessary, with the aid of iodide of mercury 
paper, or green glass, in the manner already described. 

The following methods serve for the detection of ammonia in exceed- 
ingly minute quantities, as for instance in natural waters ; they depend 
upon the separation of certain mercury compounds which are insoluble 


$ 93.] RARE OXIDES. GROUP L 87 


in water, and which contain the nitrogen or the nitrogen and part ofthe 
hydrogen of the ammonia. 

a. I water containing a trace of ammonia or carbonate of ammonia 
is mixed with a few drops of solution of chloride of mercury, a white 
preeipitate is formed, even in very dilute solution; the precipitate 
consists of N H,Hg,Cl, and may be considered as a double amide and 
chloride of mercury or as chloride of dimercurammonium: 2NH,+ 
2Hg Cl=NH,Hg,01+NH,C Ifthe solution is extraordinarily dilute 
no turbidity oceurs, but on the addition of a few drops of solution of car- 
bonate of potassa or carbonate of soda, the fluid will become turbid 
or opalescent after a few minutes. This reaction takes place when water 
containing a trace ofa neutral salt of ammonia is mixed with a few drops 
of solution of chloride of mercury and a few drops of solution of carbonate 
of potassa or carbonate ofsoda. The preeipitate which separates on the 
addition of carbonate of soda consists of one equivalent of the previously 
mentioned preeipitate with two equivalents of oxide of mercury: 
NH,+4HgC1+3K0,00,= (N H,Hg,C1+2 Hg0)+H0+3KUl+ 
3C0Ö,. Too much chloride of mercury and carbonate of soda must not 


be added, otherwise a yellow preeipitate of oxychloride of mercury would | 


be formed. (BoHLIG, ScHöYENn.) 

b. Upon adding to a solution of iodide of mercury and potassium 
containing potassa* a little of a fluid containing ammonia, or an 
ammonia salt, a reddish-brown precipitate is formed if the ammonia 
is present in some quantity; but there is, at any rate, always a 
yellow coloration produced, even if only most minute traces of ammonia 
are present. The precipitate consists of tetramercurammonium iodide 
(N Hg,12H0): 4(Hgl,KI) +3 KO+-NH = (NEgl+2 H0)+ 
?KI+HO. Application of heat promotes the separation of the pre- 
cipitate. Presence of chlorides of the alkali metals, or of salts of the 
alkalies with oxygen acid, does not interfere with the reaction; but 
presence of. cyanide of potassium, and of sulphide of potassium, will 
prevent it (J. NESSLER). 


$ 93. 
Special Reactions of the rarer Oxides of the first group. 


1. Oxıne or Casıum (CsO), and 2. OxıDE OF RUBIDIUM (Rb O). 


The ewsium and rubidium compounds are, it would appear, found pretty widely 
disseminated in natııre, but in very minute quantities only. They have hitherto been 
found chiefly in the mother liquors of mineral waters, and in a few minerals (lepidolite, 
melaphyr, carnallite). Casium has been found in considerable quantities in pollux, 
and traces of rubidium have been found in the ashes of plants. The casium and 
rubidium compounds bear in general great resemblance to the potassium compounds, 
more particularly in this, that their concentrated aqueous solutions are precipitated by 
tarlarie acid and by bichloride of platinum, and also that those of them that are 
volatile at a red heat tinge the flame violet. The most notable characteristie diffe- 
rences, on the other hand, are that the precipitates produced by bichloride of platinum 
are far more insoluble in water than the potassio-bichloride of platinum ; 100 grm. 
water will, at 10° dissolve 900 mgrm. potassio-bichloride of platinum, but only 154 
mgrm. of the rubidio-bichloride of platinum, and as little as 50 ıngrm. of the c#sio- 


1m 


* Prepared as follows. Dissolve 2 grm. iodide of potassium in 5 c.c. water, 
heat the solution, and add iodide of mercury till the last portion remains undissolved. 
Let the mixture cool, then dilute with 20 c.c. water. Let the fluid stand some time, 
filter, and mix 20 e.c. of the filtrate with 30 e.c. of a concentrated solution of potassa. 
should the fluid turn turbid, filter it once more, 


Nie 
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bichloride of platinum. Again, the alums show great differences as regards their 
solubility in cold water ; thus 100 parts of water at 17° dissolve 13°5 parts of potassium 
alum, 2'27 parts of rubidium alum, and ‘619 parts of c&sium alum. But above all, 
the flames colored by cxsium and rubidium compounds give spectra quite different from 
the potassium spectrum (see TableI.). The cz»sium spectrum is especially characterized 
by the two blue lines a and ß, which are remarkable for their wonderful intensity and 
sharp outline ; also by the line y, which, however, is less strongly marked. Amongst 
the lines in the rubidium spectrum, the splendid indigo-blue lines marked a and ß strike 
the eye by their extreme brillianey. Less brilliant, but still very characteristic, are the 
lines dand y. To detect both alkalies in presence of each other by the spectroscope, 
the chlorides should be taken and not the carbonates, since with the latter salts the 
rubidium spectrum is not always distinet in the presence of the c#sium spectrum 
(ALLEN, Hkıntz). Lastly, we have still to mention that carbonate of oxide of czsium 
is soluble in absolute alcohol, whilst carbonate of oxide of rubidium is insoluble in that 
menstruum. Still, a separation of the two oxides is effected only with ditficulty by this 
means, as they seem to form a double salt which is not absolutely insoluble in alcohol. 
It is more easy to separate them when they are in the form of acıd tartrates ; the acid 
tartrate of rubidium dissolves in 8°5 parts of boiling water, and 84°57 parts of water at 
25°, while the corresponding salt of cesium dissolves in 1'02 parts of boiling water, and 
10°32 parts of water at 25° (ALLen). (Theacid tartrate of potassa requires 15 parts of 
boiling water, and 89 parts of water at 25°.) 


3. Lırara (LiO). 


Lithia is also found pretty widely disseminated in nature, but in minute quantities 
only. It is often met with in the analysis of mineral waters and ashes of plants, less 
frequently in the analysis of minerals, and only rarely in that of technical and phar- 
maceutical products. Lithia fornıs the transition from the first to the second group. 
It dissolves with difficulty in water ; it does not attract moisture from the air. 
Most of its salts are soluble in water ; some of them are deliquescent (chloride of 
lithium). Carbonate of lithia is difficultly soluble, particularly in cold water. Phos- 
phate of soda produces in not over-dilute solutions of salts of lithia upon boiling, 
a white crystalline precipitate of tribasic phosphate of lithia (3 Li O,PO,+aq.) 
which quickly subsides to the bottom of the preeipitating vessel. This reaction, which 
is characteristic oflithia, is rendered much more delicate by adding with the phosphate 
of soda a little solution of soda, just sufficient to leave the reaction alkaline, evapo- 
rating the mixture to dryness, treating the residue with water, and adding an equal 

. volume of liquid ammonia. By this course of proceeding even very minute quantities 
of lithia will be separated as 3 LiO,PO,+aq. The precipitate fuses before the blow- 
pipe, and gives upon fusion with carbonate of soda a clear bead ; when fused upon char- 
coal it is absorbed by the pores ofthe latter body. It dissolves in hydrochlorie acid to 
a fiuid which, when diluted and supersaturated with ammonia, remains clear in the 
cold, but upon boiling gives a heavy erystalline precipitate of3 LiO,PO,+aq. (Reac- 
tions by which the phosphate of lithia differs from the phosphates of the alkaline earths). 
Tartaric acid and bichloride of platinum fail to precipitate even concentrated solutions 
of salts oflithia. Ifsalts of lithia are exposed to the gas or blowpipe-flame, in the 
manner described $ 89, 5, they tinge the flames cearmine-red. Silicates containing 
lithia demand addition of gypsum to produce this reaction. Phosphate of lithia will 
tinge the flame carmine-red if the fused bead is moistened with hydrochloric acid. The 
soda colorätion conceals the lithia coloration ; in presence of soda, therefore, the lithia 
tint must be viewed through a blue glass, or through a thin layer of indigo solution. 
Presence of a small proportion of potassa will not conceal thelithia coloration. In pre- 
sence of a large proportion of potassa, the lithia may be identified by placing the sub- 
stance in the fusing zone, viewing the colored flame through the indigo prism and 
comparing it with a pure potassa flame produced in the opposite part of the fusing 
zone. Viewed through tbin layers, the lithia-colored flame appears now redder than 
the pure potassa flame; viewed through somewhat thicker layers, the flames appear at 
last equally red, if the proportion of the lithia to the potassa is only trifling; but when 
lithia predominates in the examined sample the intensity of the red coloration imparted 
by lithia decreases perceptibly when viewed through thicker layers, whilst the pure 
potassa-flame is scarcely impaired thereby. By this means lithia may be detected 
in potassa salts, even though present .only in the proportion of one part in several 
thousand parts of the latter. Soda, ınless present in over-large quantities, interferes 
but little with these reactions (CARTMELL, BUNSEN). 

The lithium spectrum (Tab. I.) is most brilliantly characterized by the 'splendid 
carmine-ıed line a, and the orange-yellow very faint line 8, The tame of a Bunsen 
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burner yields only these two lines, but if chloride of lithium is introduced into a hydro- 
gen flame, a dull blue line is perceptible which becomes brilliant if the oxyhydrögen 
flame is used. Its position almost coincides with the weaker of the two blue lines of 
exsium (TYNDaLt, FRANKLAND). If alcohol be poured over chloride of lithium, and 
then ignited, the flame shows also a carmine-red tint. Presence of salts of soda will 
mask this reaction. 





To detect small quantities of cxsium, rubidium, and lithium in presence of very 
‚ large quantities of soda or potassa, extract the dry chlorides, with addition of a few 
drops of hydrochlorie acid, with alcohol of 90 per cent., which leaves behind the far 
larger portion of the chloride of sodium and chloride of potassium. Evaporate the 
solution to dryness, dissolve the residue in a little water, and preeipitate with bichloride 
of platinum. Filter the fluid off, boil the precipitate repeatedly with small quantities 
of water, to remove the potassio-bichloride of platinum present, and examine in the 
course of this process repeatedly by tbe spectroscope. The potassa spectrum will now 
be’found to grow fainter and fainter, whilst the spectra of rubidium and c#sium will 
become visible, if these metals are present. Evaporate the fluid filtered off from the 
platinum precipitate to dryness, heat the residue to slight redness in the hydrogen 
current, to decompose the sodio-bichloride of platinum and the excess of bichloride of 
platinum, moisten with hydrochlorie acid, drive off the acid again, and extract the 
chloride of lithium finally with a mixture of absolute alcohol and ether. The evapora- 
tion of the solution obtained leaves the chloride of lithium behind in a state of almost 
perfect purity ; it may then be further examined and tested. Before drawing from 
the simple coloration of the flame the conclusion that lithia is present, it is advisable, 
in order to guard against the chance of error, to test a portion of the residue, dis- 
solved in water, with sulphuric acid and alcohol, to make quite sure that strontia 
or lime is not present. The addition of hydrochloric acid, which is repeatedly 
prescribed in the above process to precede the extraction of the chloride of lithium 
with alcohol, is necessary for this reason, that chloride of lithium is, even at & 
moderate red heat, converted by the action of aqueous vapour into caustie lithia, 


which then attracts carbonic acid, forming carbonate of lithia, which is iusoluble in 
alcohol. 


8 94. 
SECOND GROUP, 
BARYTA, STRONTIA, LiME, MAGNESIA. 


Properties of the group. —The alkaline earths are soluble in water in 
the pure (caustic) state. Magnesia, however, dissolves but very sparingly 
in water. The solutions manifest alkaline reaction ; the alkaline reac- 
tion of magnesia is most clearly apparent when that earth is laid upon 
moistened test-paper.. The neutral carbonates and phosphates of the 
alkaline earths are insoluble in water. 'T'he solutions of the salts of the 
alkaline earths are therefore precipitated by carbonates and phosphates 
of the alkalies. This reaction distinguishes the oxides of the second 
group from those of the first. From the oxides of the other groups 
they are distinguished by the solutions being neither precipitated by 
hydrosulphuric acid, nor by sulphide of ammonium. The alkaline 
earths and’ their salts are white or colorless, and not volatile at a 
moderate red heat. T'he solutions of their nitrates and chlorides are 
not precipitated by carbonate of baryta. 


Special Reactions. 
8 9. 
a. BaryrA (Ba O0). 


1. BaRYTA is pretty readily soluble in hot water, but rather 
sparingly so in cold water; it dissolves freely in dilute hydrochloric or 
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I; acid. Hydrate of baryta fuses at ared heat, without losing its 
water. 

2. Most ofthe SALTS oF BARYTA are insoluble in water. The soluble 
salts do not affect vegetable colours, and are decomposed upon ignition 
in a glass tube, with the exception of chloride, bromide, and iodide of 
barium. The insoluble salts dissolve in dilute hydrochloric acid, except 
the sulphate of baryta and the silico-fuoride of barium. Nitrate of 
baryta and chloride of barium are insoluble in alcohol, and do not 
deliquesce in the air. Concentrated solutions of baryta are precipitated 
by hydrochlorie or nitrie acid added in large proportions, as chloride of 
barium and nitrate of baryta are not soluble in the aqueous solutions of 

the said acids. 

3. Ammonia produces no precipitate in aqueous solutions of salts of 
baryta; potassa or soda (free from carbonic acid) only in highly con- 
centrated solutions. Water redissolves the bulky precipitate of 
en OF BARYTA (BaO,HO+38 ag.) produced by potassa or 
soda. 

4. Carbonates of the alkalies throw down CARBONATE OF BARYTA 
(Ba0,C 0,) in the form of a white precipitate. If the solution was 
previously acid, complete preeipitation takes place only upon heating 
the fluid. In chloride of ammonium the preeipitate is soluble to a 

( trifling yet clearly perceptible extent; carbonate of ammonia therefore 
|| produces no precipitate in very dilute solutions of baryta containing 
much chloride of amınonium. 

5. Sulphurie acid and all the soluble sulphates, more particularly also 
solution of sulphate of lime, produce even in very dilute solutions, a 
heavy, finely pulverulent, white precipitate of SULPHATE OF BARYTA 
(Ba0,S0,), which is insoluble in alkalies, nearly so in dilute acids, 

but perceptibly soluble in boiling concentrated hydrochloric and nitrie 

\lacids, as well as in concentrated solutions of ammonia salts; however, 
in these latter only if there is no excess of sulphurie acid or a sulphate 
present. This precipitate is generally formed immediately upon the 
addition of the reagent; from highly dilute solutions, however, espe- 
cially when strongly acid, it separates only after some time. 

6. Hydrofluosilieie acid throws down SILICO-FLUORIDE OF BARIUM 
(BaF,SiF,) in the form of a colorless erystalline quickly subsiding 
precipitate. In dilute solutions this precipitate is formed only after the 
lapse of some time ; it is perceptibly soluble in hydrochlorie and nitric 

‚acids. Addition of an equal volume of alcohol hastens the precipita- 
\tion and makes it so complete that the filtrate remains clear upon addi- 
tion of sulphuric acid. 

7. Phosphate of soda produces in neutral or alkaline solutions a white 
precipitate of PHOSPHATE OF BARYTA (2 Ba0,HO,PO,) which is 
soluble in free acids. Addition of ammonia only slightly increases the 
quantity of this preeipitate, a portion of which is in this process con- 
verted into basic phosphate of baryta (3 BaO,PO,). Chloride of 
ammonium dissolves the preeipitate to a clearly perceptible extent. 

8. Oxalate of ammonia produces in moderately dilute solutions a white 

ulverulent precipitate of OxALATE OF BARYTA (2 BaO, 0,0, +2aq.), 
which is soluble in hydrochlorie and nitrie acids. When recently thrown 
down, this precipitate dissolves also in oxalic and acetic acids; but the 
solutions speedily deposit binoxalate of baryta (BaO, H 0, 0,0, +2aq.) 
in the form of a crystalline powder. 
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9. Chromate of potassa, and bichromate of we produce a bright 
yellow precipitate of chromate of baryta ( a0,CrO,) even in very 
dilute solutions of salts of baryta. The precipitate dissolves readily in 
hydrochlorie or nitrie acid to a yellowish red solution, from which it 
is thrown down again by ammonia. 

10. If soluble salts° of baryta in powder are heated with dilute 
spirit of wine, they impart to the flame a GREENISH-YELLOW color. 

11. If salts of baryta are held on the loop of a platinum wire in 
the fusine zone of the Bunsen gas flame, the part of the flame above 
the sample is colored YELLOWISH GREEN; or if the baryta salts are 
held in the inner spirit blompipe flame, the same coloration is imparted 
to the part of the en before the sample. With the soluble baryta 
salts, and also with the carbonate and sulphate of baryta, the reaction 
is immediate or very soon; but the phosphate demands previous mois- 
tening ofthe sample with sulphurie acid or hydrochlorie acid, by which 
means the baryta may be detected by the flame coloration also in 
silicates decomposable by acids. Silicates which hydrochlorie acid fails 
to decompose must be fused with carbonate of soda, when the carbonate _ 
of baryta produced will show the reaction. It is characteristie of the‘\ 
yellowish-green baryta coloration of the flame that it appears bluish- | 
green when viewed through the green glass. If the sulphates are 


selected for the experiment, presence of lime and strontia will not 
interfere with the reaction. The baryta speetrum is shown in Table I. 
The green lines, a and 8 are the most intense; y is less marked, but 
still characteristic. The platinum wire sometimes contains barium 
(Kravur), hence it is well to see first whether it will give a barium 
spectrum by itself. 

12. Cold solutions of Diearbonates of the alkalies or of carbonate of 
ammonia fail to decompose sulphate of baryta, or, to speak more cor- 
rectly, they decompose that salt only to a scarcely perceptible extent; 
the same appliesto a boiling solution of 1 part gf carbonate and 3 parts of 
sulphate of potassa. Repeated action of boiling solutions of simple or 
monocarbonates of the alkalies upon sulphate of baryta succeeds in the 
end completely in decomposing that salt. It is readily decomposed 
also by fusion with carbonates of the alkalies, which results in the for- 
mation of a sulphate of the alkali, soluble in water, and of carbonate of 
baryta, anal in that menstruum. 


,%. 
b. StronTtia (SrO). 


1. StrontIa and its HYDRATE and saLrs have nearly the same 
general properties and reactions as baryta and its corresponding com- 
pounds. Hydrate of strontia is more sparingly soluble in water than 
hydrate of baryta. Chloride of strontium dissolves in absolute alcohol 
and deliquesces in moist air. Nitrate of strontia is insoluble in 
absolute alcohol and does not deliquesce in the air. 

2, The salts of strontia show with ammonia, potassa, and soda, and 
also with the carbonates of the alkalies and with phosphate of soda, nearly 
the same reactions as the salts of baryta. Carbonate of strontia 
dissolves somewhat more difhicultly in chloride of ammonium than car- 
bonate of baryta. 
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3. Sulphurie acid and sulphates throw down SULPHATE OF STRONTIA 
(SrO, SO,) in the form of a white precipitate. 'Thrown down by dilute 
sulphuric acid from concentrated solutions, it is at first focculent and 
amorphous, afterwards pulverulent and erystalline ; thrown down by 
dilute sulphurie acid from dilute solutions, or produced by solutions of 
sulphates, it is immediately pulverulent and crystalline. Application of 
heat greatly promotes the precipitation. Sulphate of strontia is far more 

4 soluble in water than sulphate of baryta ; owing to this readier solubility, 
the precipitated sulphate of strontia separates from rather dilute solutions 
only after the lapse of some time ; and this is invariably the case (even 
in concentrated solutions) if solution of sulphate of lime is used as pre- 
cipitant. Sulpliate of strontia is insoluble in spirit of wine; addition 
of alcohol will therefore promote the separation of the precipitate. In 
hydrochlorie acid and in nitric acid sulphate of strontia dissolves per- 
ceptibly. Presence of large quantities of these acids will accordingly 
most seriously impair the delicacy of the reaction. Solution of sul- 
phate of strontia in hydrochloric acid is, after dilution with water, ren- 
dered turbid by chloride of barium. Sulphate of strontia does not 
dissolve on boiling in a concentrated solution of sulphate of ammonia. 
„/ 4. Hydrofluosilicie acid fails to produce a precipitate even in concen- 
Wroated solutions; even upon addition of an equal volume of alcohol 
no precipitation takes place, except in very highly concentrated 
solutions. 

5. Ozalate of ammonia precipitates even from rather dilute solutions 
OXALATE OF STRONTIA (2 Sr0,C,O,+daq.) in the form of a white 
powder, which dissolves readily in hydrochlorie and nitrie acid, and 
perceptibly in salts of ammonia, but is only sparingly soluble in oxalic 
and acetic acid. 

6. Bichromate of potassa does not precipitate solutions of salts of 

v strontia, even when they are concentrated. Neutral chromate af potassa 
at first produces no precipitate, but on long standing, if the solution 
is not very dilute, light yellow chromate of strontia sepafates in the 
crystalline form. 'The erystals are but slightly soluble in water, but 
readily soluble in hydrochlorie, nitrie, and chromie acids. 

7. If salts of strontia soluble in water or alcohol are heated with 
dilute spirit of wine, and the spirit is kindled, the Hame appears of a 
very intense CARMINE color, more particularly upon stirring the 
alcoholie mixture. 

8. If a strontia salt is held in the fusing zone of the Bunsen gas 
‚lame, or in the inner spirit blowpipe flame, an INTENSELY RED color is 
imparted to the Hame. With chloride of strontium the reaction is the _ 
most distinct, less clear with strontia and carbonate of strontia, fainter 
still with sulphate of strontia, and scarcely at all with strontia salts of 
fixed acids. The sample is therefore, after its first exposure to the 
flame, moistened with hydrochloric acid, and then again exposed to the 
tlame. If sulphate of strontia is likely to be present, the sample is 
first exposed a short time to the redueing Hame (to produce sulphide of 
strontium), before it is moistened wit hydrochlorie acid. Viewed 

\through the Dlue_glass, the strontia flame appears purple (dif- 
ference between strontia and lime, which latter Aa shows a faint 
greenish grey color when treated in this manner) ; this reaction is the 
most clearly apparent if the sample moistened with hydrochloric acid is 
let spirt up in the ame. Im presence of baryta the strontia reaction 
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shows only upon the first introduction of the sample moistened with 
hydrochlorie acid into the flame. The strontia spectrum is shown in 
Table I. It contains a number of characteristie lines, more especially 
the orange line a, the red lines 8 and y, and the blue line ö, which latter 
is more particularly suited for the detection of strontia in presence of 
baryta and lime. 

9. Sulphate ofstrontia is completely decomposed by continued diges- 
tion with solutions of carbonate of ammonia or of biearbonates af the 
alkalies, but much more rapidly by boiling with a solution of 1 Kin of 
carbonate of potassa and 3 parts of sulphate of potassa (essential ditterence 
between sulphate of strontia and sulphate of baryta). 


897. 
ec. Lime (CaO). 


1. Lime and its HYDRATE and saurs present in their general 
properties and reactions, a great similarity to baryta and strontia and 
their corresponding compounds. Hydrate of lime is far more difhieultly 
soluble in water than the hydrates of baryta and strontia ; it dissolves 
also more sparingly in hot than in cold water. Hydrate of lime loses 
its water upon ignition. Chloride of caleium and nitrate of lime are 
soluble in absolute alcohol and deliquesce in the air. 

2. Ammonia, potassa, carbonates of the alkalies and phosphate of soda 
show near!y the same reactions with salts of lime as witlı salts of baryta. 
Recently precipitated CARBONATE OF LIME (Üa0,CO,) is bulky and 
amorphous—after a time, and immediately upon application of heat, it 
falls down and assumes a erystalline form. Recently preeipitated carbo- 
nate of lime dissolves pretty readily in solution of chloride of ammonium; 
but the solution el becomes turbid, and deposits the greater part 
of the dissolved salt in form of erystals. 

3. Sulphurie acid and sulphate of soda produce immediately in highly 
concentrated solutions white precipitates of SULPHATE OF LIME (ÜaO, 
SO,H0 +aq.), which redissolve completely in a large proportion of 
water, and are still far more soluble in acids. Sulphate of lime dissolves 
readily on boiling in a concentrated solution of sulphate of ammonia. 
In less concentrated solutions of lime the precipitates are formed only 
after the lapse of some time; and no precipitation whatever takes place 
in dilute han Solution of sulphate of lime of course cannot pro- 
duce a precipitate in salts of lime ; buteven a cold saturated solution of 
sulphate of potassa, mixed with 3 parts of water, produces a precipitate 
only after standing from twelve to twenty-four hours. In solutions of 
lime which are so very dilute that sulphurie acid has no apparent action 
on them, a precipitate will form upon addition of two volumes of alcohol 
either immediately, or after the lapse of some time. 

4. Hydrofluosilieie acid does not Ne ie salts of lime, even when 
an equal volume of alcohol is added. 

5. Oxalate of ammonia produces a white pulverulent precipitate of 
OXALATE OF LIME. If the fluids are in any degree concentrated or hot, 
the precipitate (2 Ca, C,O, +2agq.) forms at once; but if they are very 
dilute and cold, it forms only after some time, in which latter case it ıs 
more distinctly erystalline and consists of a mixture of the above salt 
with 2020, 0,0,+6aq. Oxalate of lime dissolves readily in hydro- 
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chlorie and nitrie acids; but acetic and oxalic acids fail to dissolve it to 
any perceptible extent. 

6. Neither ehromate of potassa nor bichromate of potassa preeipitate 
solutions of salts of lime. 

7. Soluble salts of lime when heated with dilute spirit of nine impart 
to the flame of the latter a YELLOWISH-RED color, which is liable to be 
confounded with that communicated to the fame of alcohol by salts 
of strontia. 

8. If salts of lime are held in the fusing zone of the Bunsen gas 
‚Alame, or in the inner spirit Dlompipe ‚flame, they impart to the flame a 
YELLOWISH-RED color. This reaction is the most distinct with chloride 
of caleium; sulphate of lime shows it only after its incipient decompo- 
sition, and carbonate cf lime also most distinctly after the escape of the 
carbonic acid. Compounds of lime with fixed acids do not color flame; 
those of them which are decomposed by hydrochlorie acid will, however, 
show the reaction after moistening with that acid. The reaction is in 
such cases promoted by flattening the loop of the platinum wire, placing 
a small portion of the lime compound upon it, letting it frit, adding a 
drop of a acid, which remains hanging to the loop, and tlıen 
holding the latter in the fusing zone. The reaction shows now the most 
distinet light immediately upon the disappearance of the drop, which in 
this process, as in LEIDENFRoST’s phenomenon, evaporates without 
boiling (Bunsen). Viewed through the green glass, the lime coloration 
of the flame appears finch-green colored on letting the sample mois- 
tened with hydrochloric acid spirt in the flame (difference between lime 
and strontia, which latter substance under similar eircumstances shows 
a very faint yellow. Merz). In presence of baryta the lime reaction 
shows only upon the first introduction uf the sample into the flame. 
The lime spectrum is shown in Table I. The intensely green line 8 is 
more particularly characteristic, also the intensely orange line a. It 
requires a very good apparatus to show the indigo-blue line to the right 
of G in the solar spectrum, as this is much less luminous than the 
other lines. 

9. With monocarbonates and bicarbonates of the alkalies, as also 
with a solution of carbonate and sulphate of potassa, sulphate of lime 
shows the same reactions as sulphate of strontia. 


8 98. 
d. MacnesıA (M&O). 


1. Magnesium is silver white, hard, ductile, of 1'74 sp. gr. It melts 
at a moderate red heat, and volatilizes at a white heat. When ignited 
in the air it burns with a dazzling white flame to magnesia. It pre- 
serves its lustre in dry air, but it gradually becomes coated with hydrate 
of magnesia when exposed to moist air. Pure water is not decomposed 
by magnesium at the ordinary temperature, but in water acidulated with 
hydrochloric or sulphuric acid, magnesium dissolves rapidly with evolu- 
tion of hydrogen. 

9. MAGnEsıA and its HYDRATE are white powders of far greater 
bulk than the other alkaline earths and their hydrates. Magnesia and 

| hydrate of magnesia are nearly insoluble both in cold and hot water. 
Hydrate of magnesia loses its water upon ignition. 
’ 
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3. Some of the SALTS OF MAGNESIA are soluble in water, others are 
insoluble in that fluid. The soluble salts of magnesia have a nauseous 
bitter taste: in the neutral state they do not alter vegetable colors; 
with the exception of sulphate of magnesia, they undergo decomposition 
when gently ignited, and the greater part of them even upon simple 
evaporation of their solutions. Sulphate of magnesia loses its acid at a 
white heat. Nearly all the salts of magnesia which are insoluble in 
water dissolve readily in hydrochloric acid. 

4. Ammonia throws down from the solutions of geutral salts part of 
the magnesia as HYDRATE (Mg 0, H O) in the form ot a white bulky pre- 
cipitate, The rest of the magnesia remains in solution as a double salt, 
viz., in combination with the ammonia salt which forms upon the 
decomposition of the salt of magnesia; these double salts are not 
decomposed by a small excess of ammonia. It is owing to this tendency 
‚of salts of magnesia to form such double salts with ammoniacal com- 
pounds that ammonia fails to precipitate them in presence of a suflicient 
proportion of an ammonia salt with neutral reaction; or, what comes 
to the same, that ammonia produces no preeipitate in solutions of 
magnesia containing a sufficient quantity of free acid, and that pre- 
eipitates produced by ammonia in neutral solutions of magnesia are 
redissolved upon the addition of chloride of ammonium. It should be 
borne in mind, that in solutions containing only 1 equivalent of an 
ammonia salt (NH,0,50, or NH,CI) to 1 equivalent of magnesia 
salt, although no precipitate is produced by the addition of a slight 
excess of ammonia, a RR of the magnesia is, however, thrown 
. down on the addition of a large excess of ammonia. 

5. Potassa, soda, baryta, and lime throw down HYDRATE OF MAG- 
nesıa. The separation of this preeipitate is greatly promoted by 
boiling the mixture. Chloride of ammonium and other similar salts of 
ammonia redissolve the washed precipitated hydrate of magnesia. If 
the salts of ammonia are added in sufficient quantity to the solution of 
magnesia before the addition of the precipitant, small quantities of the 
latter fail altogether to produce a precipitate, However, upon boilin« 
the solution afterwards with an excess of potassa, the precipitate will of 
course make its appearance, since this process causes the decomposition 
of the ammonia salt, removing thus the agent which retains the ıydrate 
of magnesia in solution. It should be remembered that hydrate of 
magnesia is more soluble in solutions of chloride of potassium, chloride 
of sodium, sulphate of potassa, and sulphate of soda, than in water, and 
that on this account its precipitation is less complete when these salts 
are present in large quantities. From such solutions the magnesia is, 
however, thrown down, for the most part, by an excess of solution of 
potassa or solution of soda. 

6. Carbonate gf potassa and carbonate of soda produce in neutr. 
tions a white precipitate of BASIC CARBONATE OF MAGNESTA 4 (Mg&O 
CO,)+Mg0,HO+10aq. One-fifth of the carbonic acid of the 
decomposed alkaline carbonate is liberated in the process, and combines 
with a portion of the carbonate of magnesia to bicarbonate, which 
remains in solution. This carbonie acid is expelled by ine and 
an additional precipitate formed (Mg 0,00, +3agq.) Application of 
heat therefore promotes the separation and increases the quantity 
of the precipitate. Chloride of ammonium and other similar salts of 
ammonia, when present in suflicient quantity, prevent this precipita- 
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tion also, and readily redissolve the precipitates after they have been 
washed. 

7. If solutions of magnesia are mixed with earbonate gf ammonia, the 
fluid always remains clear at first; but after standing some time, it 
deposits, more or less quickly according to the concentration of the 
- solution, a erystalline precipitate. When the carbonate of ammonia is 
in slight excess, the preeipitate consists of carbonate of magnesia 
(M&0,C 0, +3aq.), when the carbonate of ammonia is in large excess, it 
Consists Of CARBONATE OF MAGNESIA AND AMMONIA (N H,0, 00, + 
M&0,C0,+4ag.) In rather highly dilute solutions this preeipitate 
will not form. Addition of ammonia and of excess of carbonate of 
ammonia promotes its separation. Chloride of ammonium counteracts 
it, but it cannot prevent the formation of the precipitate in rather highly 
concentrated solutions. 

8. Phosphate of soda precipitates from solutions of magnesia, if they 
are not too dilute, PHOSPHATE OF MAGNESIA (2 ee 
14agq.) as a white powder. Upon boiling, basic phosphate of magnesia 
(3Mg0,PO,+7aq.) separates, even from rather dilute solutions. But 
if the addition of the precipitant is preceded by that of chloride of ammo- 
nium and ammonia a white erystalline precipitate of BASIC PHOSPHATE 
OF MAGNESIA AND AMMONIA (2MgO,N H,0, PO, +12aq.) will sepa- 
rate even from very dilute solutions of magnesia; its separation may be 

reatly promoted and accelerated by stirring with a glass rod; even 
should the solution be so extremely dilute as to forbid the formation of 
a preeipitate, yet the lines of direction in which the glass rod has moved 
along the side of the vessel will after the lapse of some time appear » 
distinctly as white streaks (soluble in hydrochlorie acid). Water and 
solutions of salts of ammonia dissolve the precipitate but very slightly; 
but it is readily soluble in acids, even in acetic acid. In water contain- 
ing ammonia it may be considered insoluble. 

9. Oxalate of ammonia produces no preecipitate in highly dilute solu- 
tions of magnesia; in less dilute solutions no precipitate is formed at 
first, but after standing some time erystalline crusts of various oxalates 
of ammonia and magnesia make their appearance. In highly concen- 
trated solutions oxalate of ammonia very speedily produces precipitates 
of oxalate of magnesia (2 Mg O, 0,0, +4aq.), which contain small quan- 
tities of the above-named double salts. Chloride of ammonium, espe- 
cially in presence of free ammonia, interferes with the formation of these 
precipitates, but will not in general absolutely prevent it. 

10. Sulphurie acid, hydrofluosilieie acid, and chromate gf potassa, do not 
precipitate salts of magnesia. 

11. Salts of magnesia do not color flame. 


m. 


Recapitulation and remarks —The difhicult solubility of the hydrate of 
magnesia, the ready solubility of the sulphate (unless it is present in 
the natural form, either anhydrous or combined with 1 equivalent of 
water) and the disposition of salts of magnesia to form double salts with 
ammonia compounds, are the three prineipal points in which magnesia 
differs from the other alkaline earths. To detect magnesia in solutions 
containing all the alkaline earths, we always first remove the baryta, 
strontia, and lime. This is effected most conveniently by means of 
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earbonate of ammonia, with addition of some ammonia and of chloride 
of ammonium, and application of heat; since by this process the baryta, 
strontia, and lime are obtained in a form of combination suited for 
further examination. If the solutions are somewhat dilute, and the 
precipitated fluid is quickly filtered, the carbonates of baryta, strontia, 
and lime are obtained on the filter, whilst the whole of the magnesia is 
found in the filtrate.. But as chloride of ammonium dissolves a little 
carbonate of baryta, and also a little carbonate of lime, though much 
less of the latter than of the former, trifling quantities of these bases are 
found in the filtrate ; nay, where only traces of them are present, they 
may altogether remain in solution. In accurate experiments, therefore, 
the separation is effected in the following way: Divide the filtrate into 
three portions, test one portion with dilute sulphuric acid for the trace 
of baryta which it may contain in solution, and another Ps with 
oxalate of ammonia br the minute trace of lime which may have 
remained in solution. If the two reagents produce no turbidity even 
after some time, test the third portion with phosphate of soda for 
MAGNESIA. But if one of the reagents causes turbidity, filter the fluid 
from the gradually subsiding precipitate, and test the filtrate for 
magnesia. Should both reagents produce precipitates, mix the 1wo first 
portions together, filter afıer some time, and then test the filtrate. To 
make sure that the precipitate thrown down by oxalate of ammonia is 
actually oxalate of lime, and not, as it may be, oxalate of magnesia and 
ammonia, dissolve it in some hydrochloric acid, and add dilute sulphuric 
acid, and then spirit of wine. 

To show the presence of the baryta, strontia, and lime in the preci- 
pitate produced by carbonate of ammonia, dissolve the precipitate in 
some dilute hydrochloric acid; add solution of gypsum to a small er 
of this solution, when the immediate formation of a precipitate will prove 
the presence of BARYTA. Evaporate the remainder of the hydrochlorie 
acid solution on the water-bath to dryness, and treat the residue with 
absolute alcohol, which will dissolve the chloride of strontium and the 
chloride of caleium, leaving the greater part of the chloride of barium 
undissolved. Mix the alcoholic solution with an equal volume of water 
and a few drops of hydrofluosilicic acid, and let the mixture stand 
several hours, when the last traces of the baryta present will be found. 
precipitated as silicofluoride of barium. Filter, and add sulphurie acid 
to the alcoholie filtrate. This will tlırow down the strontia and the 
lime. Filter the fluid from the preeipitate, wash with weak spirit of 
wine, and boil the sulphates for some time with a suflicient quantity of 
sulphate of ammonia in strong solution, renewing the water as it evapo- 
rates and adding ammonia, so as to keep the fluid slightly alkaline. 
Sulphate of stronTIA remains undissolved, while the sulphate of lime 
dissolves. After the solution has been much diluted, the LIME may be 
thrown down by oxalate of ammonia. The mixture of sulphate of 
strontia and sulphate of lime may also be treated as follows : Boil them 
with solution of carbonate of soda. By this means the sulphates are 
converted into carbonates. Wash these, dissolve them in nitrie acid, 
evaporate the solution to dryness, pulverize the residue and digest it 
for a considerable time with absolute alcohol to which a little ether has 
been added, when the nitrate of lime will dissolve, leaving the nitrate 
of strontia undissolved. The latter may be readily examined, by dis- 
solving in a small quantity of water and adding solution of sulphate of 
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line; the lime in the alcoholie solution of nitrate of lime may be 
detected by the addition of sulphuric acid. The precipitate of sulphate 
of lime thus produced, when treated with water, should yield a solution 
which gives an immediate and considerable precipitate with oxalate of 

‚ammonia. T'he best and most convenient way of detecting the alkaline 

| earths in their phosphates, is to decompose these latter by means of 

sesquichloride of iron, with addition of acetate of soda ($ 142). The 
oxalates of the alkaline earths are converted into carbonates by ignition, 
preparatory to the detection of the several earths which they may 
contain. The following method will serve to analyse mixtures of the 
sulphates of the alkaline earths. Extract the mixture under examina- 
tion with small portions of boiling water. "The solution contains the 
whole of the Aa hate of magnesia, unless it is present in the native 
anhydrous state, a a trifling quantity of sulphate of lime. Digest 
the residue, according to H. Rose’s direction, in the cold for 12 hours, 
with a solution of carbonate of ammonia, or boil it 10 minutes with a 
solution of 1 part of carbonate and 3 parts of sulphate of potassa, filter, 
wash, then treat with dilute hydrochlorie acid, which will dissolve the 
carbonates of strontia and lime formed, and if the anhydrous native 
sulphate of magnesia was present, the carbonate of magnesia or the 
eine of ammonia and magnesia, but always also a minute trace of 
baryta (FRrEsEnIVs), leaving behind the undecomposed sulphate of 
baryta. The latter may then be decomposed by fusion with carbonates 
of the alkalies. The solutions obtained are to be examined further 
according to the above directions. 

The detection of baryta, strontia, and lime in the moist way is very 
instructive, but also rather laborious and tedious. By means of the 
spectroscope these alkaline earths are much more readily detected, even 
when present all three together. According to the nature of the acid, 
the sample is either introduced at once into the flame, or after previous 
ignition and moistening with hydrochloric acid. To detect very minute 
quantities of baryta and strontia in presence of large quantities of lime, 
ignite a few nn of the mixed carbonates a few minutes in a 
platinum crucible strongly over the blast,* extract the ignited mass by 
boiling with a little distilled water, evaporate with hydrochlorie acid to 
dryness, and examine the residue by spectrum analysis (EnGELBACH). 
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More common oxides :—ALUMINA, SESQUIOXIDE OF ÜHROMIUM. 

Rarer oxides :—BERYLLA, THORIA, ZIRCONIA, YTTRIA, OXIDE 

or ERBIUM, OXIDES OF ÜERIUM, OXIDE OF LANTHANIUM, OXIDE 
oF DıpymıUMm, Tıranıc Acın, TAnTALıc Acıp, NiogBıc Acıp. 

Properties of the group. —The oxides of the third group are insoluble 

in water, both in the pure state and as hydrates. Their sulphides 

(ons be produced in the moist way. Hydrosulphurie acid therefore 

fails to precipitate the solutions öf their salts. Sulphide of ammonium 

throws down, from the solutions of the salts in which the oxides of the 


* The carbonates of baryta and strontia are much more readily reduced to the 
caustic state in this process than would be the case in the absence of carbonate of 
lime. 
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third group constitute the base,* in the same way as ammonia, the 
hydrated oxides. This reaction with sulphide of ammonium distin- 
guishes the oxides of the third from those of the two preceding groups. 


Special Reactions of the more common Oxides qf the third group. 
$ 101. 
a. ALUMINA (Al,O,). 


1. ALUMINIUM is nearly white. It is not oxidized by the action 
of the air, in compact masses not even upon ignition. It may be filed, 
and is very malleable; its specific gravity is only 2:67. It is fusible 
at a bright red heat. It does not daraapan water at a boiling heat. 
Aluminium dissolves readily in hydrochloric acid, as well as in hot 
solution of potassa, with evolution of hydrogen. Nitrie acid dissolves it 
only slowly, even with the aid of heat. 

2. ALumınA is non-volatile and colorless; the HYDRATE is also 
colorless. Alumina dissolves in dilute acids slowly and wich very great 
difficulty, but more readily in concentrated hot hydrochloric acıd. In 
fusing bisulphate of potassa, it dissolves readily to a mass soluble in 
water. The hydrate in the amorphous condition is readily soluble in 
acids; in the crystalline state it dissolves in them with very great 
difieulty. After ignition with alkalies, the alumina, or, more correctl 
speaking, the alkaline aluminate formed, is readily dissolved by acids. 

" 8. The saLts OF ALUMINA are colorless and non-volatile ; some of 
them are soluble, others insoluble. 'The anhydrous chloride is solid, 
pale yellow, erystalline, volatile. The soluble salts have a sweetish, 
astringent taste, redden litmus-paper, and lose their acid upon ignition. 
The insoluble salts are dissolved by hydrochloric acid, with the excep- 
tion of certain native compounds of alumina; the compounds of alumina 
which are insoluble in hydrochlorie acid are decomposed and made 
soluble by ignition with carbonate of soda and potassa, or bisulphate of 
potassa. This decomposition and solution may, however, be effected 
also by heating them, reduced to a fine powder, witlı hydrochlorie acid 
of 25 per cent., or with a mixture of 3 parts by weight of hydrated 
sulphuric acid, and 1 part by weight of water, in sealed glass tubes, to 
200°-210° for two hours (A. MITSCHERLICH). y 

4. Potassa and soda throw down from solutions of alumina salts a 
bulky preeipitate of HYDRATE OF ALUMINA (Al,O,,3H OÖ), which con-, 
tains alkali and generally also an admixture of basic salt; this precipi- \ 
tate redissolves readily and completely in an excess of the precipitant, | 
but from this solution it is reprecipitated by addition of chloride of 
ammonium, even in the cold, but more completely upon application of 
heat (com are $ 53). The precipitate does not dissolve in excess of 
chloride of ammonium. The presence of salts of ammonia does not 
prevent the precipitation by potassa or soda. 


* The oxides of the third group may nearly all of them combine to saline com- 
pounds with bases as well as with acids ; alumina, for instance, combines with potassa 
to aluminate of potassa, with sulphuric acid to sulphate of alumina. The oxides of the 
third group stand, accordingly, partly on the verge between bases and acids. Those 
which incline more to thelatter, as is the case with the three last members of the group, 
are therefore also called acids. 9 

H 


100 ALUMINA. [$ 101. 


5. Ammonia also produces a precipitate of HYDRATE oF ALUMINA, 
which contains ammonia and an admixture of basic salt; this precipi- 
tate also redissolves in a very considerable excess of the precipitant, but 
with diffieulty only, which is the greater the larger the quantity of salts 
of ammonia contained in the solution. Boiling promotes precipitation, 
as it drives off the excess of ammonia. It is this deportment which 
accounts for the complete precipitation of hydrate of alumina from solu- 
tion in potassa by an excess of chloride of ammonium, 

6. Carbonates of the alkalies precipitate BASIC CARBONATE OF ALU- 
MINA, which is somewhat soluble in excess of fixed alkaline carbonate, 
and still less soluble in excess of carbonate of ammonia. Boiling pro- 
motes precipitation by the latter. 

7. If the solution of a salt of alumina is digested with finely divided 
carbonate of baryta, the greater part of the acid of the alumina salt com- 
bines with the baryta, the liberated carbonic acid escapes, and the 
alumina precipitates completely as HYDRATE MIXED WITH BASIO SALT 
OF ALUMINA; even digestion in the cold suflices to produce this 
reaction. 

N.B. to 4, 5, 6 and 7.—Tartarie, eitrie, and other non-volatile 
organic acids completely prevent the precipitation of aluminaas hydrate 
or basic salt, when they are present in any notable quantity. The 
presence of sugar and similar organic substances interferes with the 
completeness of the precipitation. 

8. Phosphate of soda precipitates the PHOSPHATE OF ALUMINA 
(AI,O,, P O,) from solutions of salts of alumina. The bulky white pre- 
cipitate is readily soluble in potash or soda solution, but not in ammonia ; 
chloride of ammonium therefore precipitates it from its solution in potash 
or soda. The precipitate is readily soluble in hydrochlorie or nitric 
acid, but not in acetic acid (difference from alumina); acetate of soda, 
therefore, precipitates it from its solution in hydrochlorie acid, if the 
latter is not too predominant. Tartaric acid, sugar, &ce., do not prevent 
the precipitation of phosphate of alumina, but citrie acid does prevent it 
(GROTHE). 

9. Oxalie acid and its salts do not precipitate the solutions of salts 
of alumina. 

10. Sulphate of potash, added to very concentrated solutions of salts 
of alumina, occasions the gradual separation in the form of crystals, or 
a crystalline powder of sulphate of alumina and potash (K'O,S O,+ 
Al,0,380, +24 ag.) 

11. If alumina or one of its compounds is ignited upon chareoal 
before the blowpipe, and afterwards moistened with a solution of nitrate 
af protoxide af cobalt, and then again strongly ignited, an unfused mass 
of a deep SKY-BLUE color is produced, which consists of a compound of 
the two oxides. The blue color becomes distinct only upon cooling. 
By candlelight it appears violet. This reaction is in a measure to De 
relied on only in the case of infusible or difhieultly fusible compounds of 
alumina pretty free from other oxides ; it is never quite decisive, since 
' cobalt solution gives a blue color under similar eircumstances not only 
‘y with readily fusible compounds, but also with certain infusible com- 
A ounds free from alumina, such as the neutral phosphates of the alka- 
f fie earths. 


nee > 
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$ 102. 
b. SESQUIOXIDE OF CHROMIUM (Ur,O,). 


1. SEsQUIOXIDE OF CHROMIUM is a green, its HYDRATE a bluish 
gray-green powder. The hydrate dissolves readily in acids; the non- 
ignited sesquioxide dissolves more difhicultly, and the ignited sesquioxide 
is almost altogether insoluble. 

2. The SALTS OF SESQUIOXIDE OF CHROMIUM have a green or violet 
color. Many of them are soluble in water. Most of them dissolve in 
hydrochloric acid. The solutions exhibit a fine green or a dark violet 
color, which latter, however, changes to green upon heating. The salts 
of sesquioxide of chromium with volatile acids are decomposed upon 
ignition, the acids being expelled. The salts of sesquioxide of chromium 
which are soluble in water redden litmus. Anhydrous sesquichloride 
of chromium is erystalline, violet-colored, insoluble in water and in 
acids, and volatilizes with difhculty. 

3. Potassa and soda produce in the green as well as in the violet 
solutions a bluish-green precipitate of HYDRATE OF SESQUIOXIDE OF 
CHROMIUM, which dissolves readily and completely in an excess of the 
preeipitant, imparting to the fluid an emerald-green tint. Upon long- 
continued ebullition of this solution, the whole of the hydrated sesqui- 
oxide separates again, and the supernatant Auid appears perfectly color- 
less. The same repreeipitation takes place if chloride of ammonium is 
added to the alkaline solution. Application of heat promotes the sepa- 
ration of the precipitate. 

4. Ammonia produces in green solutions a grayish-green, in violet 
solutions a grayish-blue precipitate of HYDRATE OF SESQUIOXIDE OF 
CHROMIUM. The former preeipitate dissolves in acids to a green fluid, 
the latter to a violet #uid. Other eircumstances (concentration, way of 
adding the ammonia, &e.) exercise also some influence upon the com- 
position and color of these hydrates. A small portion of the hydrates 
redissolves in an excess of the precipitant in the cold, imparting to the 
fluid a peach-blossom red tint; but if after the addition of ammonia in 
excess est is applied to the mixture the precipitation is complete. 

5. Carbonates of the alkalies precıpitate BASIC CARBONATE OF SESQUI- 
OXIDE OF CHROMIUM, which redissolves with difliculty in excess of the 
precipitant. 

6. Carbonate of baryta precipitates the whole of the sesquioxide as a 
GREENISH HYDRATE MIXED WITH BASIC SALT. The precipitation 
takes place in the cold, but is complete only after long-continued 
digestion. | 

N.B. to 3, 4, 5, and 6.—Tartarie and eitrie acids, sugar, and oxalic 
acid interfere more or less with the precipitation of violet or green solu- 
tions of oxide of chromium by ammonia, the first formed precipitates 
frequently redissolving entirely to red fluids after long standing. The 
above named acids generally prevent altogether the preeipitation by 
carbonate of soda. In the presence of these acids also the precipitation 
by carbonate of baryta is incomplete. 

7. If a solution of sesquioxide of chromium in solution of potassa or 
soda is mixed with some brown peroxide of lead in excess, and the 
mixture is boiled a short time, the sesquioxide of chromium is oxidized 


— 


102 RECAPITULATION. GROUP III, [$ 1083. 


to chromic acid. A yellow fluid is therefore obtained on filtering, which 
consists of a solution of CHROMATE OF OXIDE OF LEAD in solution of 
potassa or soda. Upon acidifying this Auid with acetic acid, the chro- 
mate of lead separates as a yellow preeipitate (OHAncEL). Very 
minute traces of chromic acid may be detected in this Auid with still 
greater certainty by acidifying with hydrochlorie acid, and bringing: it 
in contact with peroxide of hydrogen and ether. Compare $ 138. 

8. The fusion of sesquioxide of chromium or of any of its compounds 
with nitrate af soda and carbonate of’ soda, or still better, with chlorate of 
potassa and carbonate qf' soda, gives rise to the formation of yellow ALKA- 
LINE CHROMATE, which dissolves in water to an intensely yellow Auid. 
For the reactions of chromic acid see $ 138. 

9. Phosphate of soda and ammonia dissolves sesquioxide of chromium 
and its salts, both in the oxidizing and reducing dans of the blowpipe, 
to clear beads of a faint yellowish-green tint, which upon cooling 
changes to EMERALD-GREEN. The sesquioxide of chromium and its 


\ salts show a similar reaction with Didorate of soda. The Bunsen gas 


' flame is used for the experiment, or the blowpipe flame. 


& 109. 


Recapitulation and remarks.—The solubility of hydrate of alumina in 
solutions of potassa and soda, and its reprecipitation from the alkaline 
solutions by chloride of ammonium, afford a safe means of detecting 
alumina in the absence of sesquioxide of chromium. But if the latter 
substance is present, which is seen either by the color of the solution, or 
by the reaction with phosphate of soda and ammonia, it must be removed 
before alumina can be tested for. The separation of sesquioxide of 
chromium from alumina is effected the most completely by fusing 1 part 
of the mixed oxides with 2 parts of carbonate and 2 parts of chlorate of 
potassa, which may be done in a platinum crucible. The yellow mass 
obtained is boiled with water; by this process the whole of the chro- 
mium is dissolved as chromate of potassa, and part of the alumina as 
aluminate of potassa, the rest of the alumina remaining undissolved. If 
the solution is acidified with nitrie acid, it acquires a reddish-yellow 
tint; if ammonia is then added to feebly alkaline reaction, the dissolved 
portion of the alumina separates. 

The precipitation of sesquioxide of chromium effected by boiling its 
solution in solution of potassa or soda is also sufliciently exact if the 
ebullition is continued long enough; still it is often liable to mislead in 
cases where only little sesquioxide of chromium is present, or where the 
solution contains organic matter, even though in small proportion only. 
I have to call attention here to the fact that the solubility of hydrated 
sesquioxide of chromium in an excess of cold solution of potassa or soda 
is considerably impaired by the presence of other oxides (protoxides of 
manganese, nickel, cobalt, and more particularly sesquioxide of iron). 
If these oxides happen to be present in large excess they may even 
altogether prevent the solution of the.hydrated sesquioxide of chromium 
in potassa or soda solution. Lastly, the influence of non-volatile 
organic acids, sugar, &c., upon the preeipitation of alumina and sesqui- 
oxide of chromium by ammonia, &e., must be remembered. If organic 
substances are present therefore, ignite, fuse the residue with carbonate 
and chlorate of potassa, and proceed as directed before. In respect to 
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the detection of traces of alumina by an aleoholie solution of morin, 
compare GOPPELSRÖDER.* 


Special Reactions of the rarer Ozxides of the third group. 
$ 104. 
1. BErYLLA (Be, O,). 


Berylla is a rare earth found in the form of a silicate in phenaeite, and, with other 
silicates, in beryl, euclase, and some other rare minerals. It is a white, tasteless 
powder insoluble in water. The ignited earth dissolves slowly but completely in acids ; 
it is readily soluble after fusion with bisulphate of potassa. The hydrate dissolves 
readily in acids.. The compounds of berylla very much resemble the alumina com- 
pounds. The soluble berylla salts have a sweet astıingent taste; their reaction is 
alkaline. The native silicates of berylla are completely decomposed by fusing with 
4 parts of carbonate of soda and potassa. Potassa, soda, ammonia, amd sulphide of 
ammonium throw down from solution of berylla salts a white flocculent hydrate, which 
is insoluble in ammonia, but dissolves readily in solution of potassa or soda, from 
which solution it is precipitated again by chloride of ammonium; the concentrated 
alkaline solutions remain clear on boiling, but from more dilute alkaline solutions 
almost the whole of the berylla separates upon continued ebullition (difference between 
berylla and alumina). Upon continued ebullition with chloride of ammonium, the 
freshly precipitated hydrate dissolves as chloride of beryllium, with expulsion of am- 
monia (difference between berylla and alumina.) Carbonates of the alkalies precipitate 
white carbonate of berylla, which redissolves in a great excess of the carbonates of the 
fixed alkalies, and in a much less considerable excess of carbonate of ammonia (most 
characteristic difference between berylla and alumina, but they cannot be completely 
separated in this way, as in the presence of berylla a certain quantity of alumina dissolves 
in carbonate of ammonia, Joy). Upon boiling these solutions basic carbonate of berylla 
separates, readily and completely from the solution in carbonate of ammonia, but 
only upon dilution and imperfectly from the solutions in carbonates of the fixed alka- 
lies. Carbonate of baryta preeipitates berylla completely upon cold digestion. Oxalic 
acid and oxalates do not precipitate berylla (difference between berylla and thoria, 
zirconia, yttria, erbia, protoxide of cerium, oxide of lanthanium, oxide of didymium). 
Berylla when fused with 2 parts of acid fluoride of potassium, dissolves in water 
acidified wıth hydrofluorie acid. (This reaction serves as a means of separating berylla 
from alumina, for when alumina is similarly treated it remains insoluble as fluoride of 
aluminium and potassium.) Moistened with solution of nitrate of protoxide of cobalt, 


the berylla compounds give gray masses upon ignition. 


2. Taorıa (Th O). 


Thoria is a very rare earth found in thorite and monacite. It is white, while 
hot, yellow. The ignited earth is solable only upon heating with a mixture of 1 part 
of concentrated sulphuric acid and 1 part of water ; but it is not soluble in other acids, 
not even after fusion with alkalies. When evaporated with hydrochlorie or nitric acid, 
the corresponding salts are left in a varnish-like form, which dissolves at once in water 
completely. Hydrochlorie and nitric acids precipitate from such solutions the chloride 
or nitrate ; even sulphuric acid may produce a precipitate in the solutions (BAHR). 
The moist hydrate dissolves readily in acids, the dried hydrate only with difhiculty. 
Chloride of thorium is not volatile. Thorite (silicate of thoria) is decomposed by 
moderately concentrated sulphuric acid and also by concentrated hydrochloric acid. 
Potassa, ammonia, and sulphide of aummonium precipitate from solutions of thoria 
salts white hydrate, which is insoluble in an excess of the preeipitant, even of potassa 
(difference between thoria and alumina and berylla). Carbonate of potassa and carbo- 
nate of ammonia precipitate basic carbonate of thoria, which readily dissolves in an 
excess of tbe precipitant in concentrated solutions, with diffieulty in dilute solutions 
(difference between thoria and alumina). Fromm the solution in carbonate of ammonia 
basic salt separates again even at 50°. Carbonate of baryta precipitates thoria com- 
pletely. ZHydrofluorie acid precipitates the fluoride which at first appears gelatinous, 
but after a little while pulverulent. The preeipitate is insoluble in water and hydro- 
fluorie acid. (Here thoria differs from alumina, berylla, zirconia, and titanic acid.) 


* Zeitschr. f. anal. Chem. 7, 208, 
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Oxalice acid produces a white preeipitate (here thoria differs from berylla and’alumina). 
The preeipitate does not dissolve in oxalic acid nor in dilute mineral acids, but it does 
dissolve in a solution of acetate of ammonia containing free acetic acid. (Here thoria 
differs from yttria and protoxide of cerium). The precipitate is insoluble in excess of 
oxalate of ammıonia (difference between thoria and zirconia). Sulphate of potassa in 
concentrated solution precipitates thoria slowly but completely (here thoria differs from 
alumina and berylla). The precipitate consists of sulphate of potassa and thoria ; 
it is insoluble in concentrated solution of sulphate of potassa ; it dissolves with difficulty 
in cold and also in hot water, but readily on addition of some hydrochlorie acid. On 
heating the neutral solution of sulphate of thoria in cold water, it separates in the form 
of a heavy white eurdy precipitate (difference between thoria and alumina and berylia). 
This preeipitate redissolves in cold water (in which it differs from titanie acid). Hypo- 
sulphite of soda precipitates from neutral or slightly acid solutions on boiling hyposul- 
phite of thoria mixed with sulphur ; the precipitation, however, is not quite complete 
(difference between thoria and yttria, erbia and oxide of didymium). 


3. ZIRCONIA (Zr O,). 


Found in zircon and some other rare minerals. A white powder insoluble in hydro- 
chlorie acid, soluble upon addition of water, after continued lıeating with a mixture of 
2 parts of hydrated sulpburie acid and 1 part of water. T'he hydrate resembles 
hydrate of alumina, dissolving readily in hydrochloric acid when precipitated cold, and 
still moist, but with difliculty when precipitated hot, or after drying. The zirconia 
salts soluble in water redden litmus. The native silicates of zirconia may be decom- 
posed by fusion with carbonate of soda. The finely elutriated silicate is fused at a 
high temperature, together with 4 parts of carbonate of soda. The fused mass gives 
to water silicate of soda, a sandy zirconate of soda being left behind, which is washed, 
and dissolves in hydrochlorie acid. Zircon may easily be decomposed by fusion with 
acid fluoride of potassium at a red heat, fluosilicate of potassium and double fluoride of 
zirconium and potassium being produced. Potassa, soda, ammonia, and sulphide of 
ammonium precipitate from solutions of zirconia salts a flocculent hydrate, which is 
insoluble in an excess of the precipitant, even of soda and potassa (difference between 
zirconia and alumina and berylla), and is not dissolved even by boiling solution of 
ehloride of ammoniun: (difference between zirconia and berylla). Carbonates of potassa, 
soda, and ammonia, throw down carbonate of zirconia as a flocculent preeipitate, which 
redissolves in a large excess of carbonate of potassa, more readily in bicarbonate of 
potassa, and most readily in carbonate of ammonia (difference between zirconia and 
alumina), from which solution it precipitates again on boiling. Oxalie acid produces 
a bulky precipitate of oxalate of zirconia (difference between zirconia and alumina and 
berylla), which is insoluble in oxalic acid, soluble in hydrochloric acid, soluble in excess 
of oxalate of ammonia (difference between zirconia and thoria). A concentrated solu- 
tion of sulphate of potassa speedily produces a white precipitate of sulphate of zirconia 
and potassa insoluble in excess of the precipitant (difference between zirconia and 
alumina and berylla), which—if precipitated cold—dissolves readily in a large propor- 
tion of hydrochloric acid, but is almost absolutely insoluble in water and in hydrochlorie 
acid if precipitated hot (difference between zirconia and thoria and protoxide of cerium). 
Sulphate of zirconia is difieultly soluble in cold water, readily soluble in hot water 
(difference between zirconia and thoria). Carbonate of baryta does not preeipitate 
zirconia salts completely, even upon boiling. Hydrofluoric acid does not preeipitate 
zirconia salts (difference between zirconia and thoria and yttria). Zyposulphite of 
soda preeipitates zirconia salts (difference between zirconia and yttria, erbia, and oxide 
of didymium). The separation of the hyposulphite of zirconia takes place on boiling 
even in the presence of 100 parts of water to 1 part of the oxide (difference between 
zirconia and protoxide of cerium and oxide of lanthanium). Zurmeric paper dipped 
into solutions of zirconia slightly acidified with hydrochlorie or sulphuric acid, acquires 
a brownish red color after drying (difference between zirconia and thoria). In the 
presence of titanic acid, which also has the effect of turning turmerie paper brown, 
treat the acid solution with zine first, to reduce the titanie acid to oxide of titanium, 
the solution of which does not affect turmeric paper (PısAnI). 


4. Yrrrıa (YO). 


Yittria is a rare earth found in gadolinite, orthite, yttro-tantalite. When pure it is 
pale yellowish-white, when ignited in the oxidizing flame it emits a white light (difference 
between yttria and erbia) without fusing or volatilizing. In nitric, hydrochloric, and 
dilute eulphurie acid it is dificultly soluble in the cold, but on warming it dissolves 
completely after some time, The solutions are colorless, and likewise the salts, they 
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have an acid reaction and a sweetish astringent taste. Yttria does not combine with 
water. Yttria under no eircumstances yields a spectrum, nor do the solutions of its 
salts show any absorption bands (BAHR and BUNSEN). Anhydrous chloride of yttrium 
is not volatile (difference between yttria and alumina, berylla and zirconia). Potass@ 
precipitates white hydrate, which is insoluble in an excess of the precipitant (difference 
between yttria and alumina and berylla), Ammonia and sulphide of ammonium pro- 
duce the same reaction. Presence of a small quantity of chloride of ammonium will 
not prevent the preecipitation by sulphide of ammonium ; but in presence of a large 
excess of chloride of ammıonium sulphide of amnmonium fails to precipitate solutions of 
salts of yttria. (urbonates of the alkalies produce a white precipitate, which dissolves 
with dificulty in carbonate of potassa, but more readily in bicarbonate of potassa and 
in carbonate of ammonia, though by no means so readily as the corresponding berylla 
precipitate. The solution of the pure hydrate in carbonate of ammonia deposits on 
boiling the whole of the yttria ; if chloride of ammonium is present at the same time, 
this is decomposed upon continued heating, with separation of ammonia, and the 
precipitated yttria redissolves as chloride of yttrium. Saturated solutions of carbonate 
of yttria in carbonate of ammonia have a tendency to deposit carbonate of yttria and 
ammonia, which should be borne in mind. Oxalic acid produces a white preeipitate 
(difference between yttria and alumina and berylla). The precipitate does not dissolve 
in oxalie acid, but it dissolves with difliculty in dilute hydrochlorie acid, and it is par- 
tially dissolved by boiling with oxalate of ammonia. Sulphate of yttria and potassa dis- 
solvesreadily in waterand in a solution of sulphate of potassa (difference between yttria 
and thoria, zirconia and the bases of cerite). Carbonate of baryta produces no preeipitate 
in the cold (difference between yttria and alumina, berylla, thoria, oxide of cerium, and 
oxide of didymium), on boiling even the precipitation is incomplete. Turmerıc paper 
is not altered by acidified solutions of salt of yttria (difference between yttria and zir- 
conia). Tartaric acid does not interfere with the precipitation of yttria byaalkalies (charac- 
teristic difference between yttria and alumina, berylla, thoria, and zirconia). The pre- 
cipitate is tartrate of yttria. The precipitation ensues only after some time, but it 18 
complete. Hyposulphite of soda does not precipitate yttria (difference between yttria 
and alumina, thoria, zirconia, and titanie acid). Hydrofluorie acid produces a preci- 
pitate (here yttria differs from alumina, berylla, zirconia, and titanic acid) ; the preci- 
‚pitate is gelatinous, insoluble in water and hydrofluorie acid ; before ignition it will 
dissolve in mineral acids, after ignition it is’decomposed only by strong sulphurie 
acid. A cold saturated solution of the sulphate becomes turbid when heated to between 
30° and 40° ; on boiling almost the whole of the salt separates. Yttria gives clear 
colorless beads with borax and phosphate of soda and ammonia in both the outer and 
inner flame (difference between yttria and protoxide of cerium and oxide of didymium). 


5. OxIDE OF ErBIUM (Er OÖ). 


Oxide of erbium aecompanies yttria in gadolinite.* Itis distinguished by its fine 
rose color, it does not alter on ignition in hydrogen, and does not fuse in the highest 
white heat. When strongly heated in the form of a spongy mass, it glows with an 
intense green light. In nitrie, hydrochloric, and sulphurie acid it dissolves with difi- 
culty, but on warming completely. Itssalts have a more or less bright rose tint, which 
is stronger generally with the hydrated than with the anhydrous salts, they have an 
acid reaction and a sweetish astringent taste. The oxide of erbium does not combine 
directly with water. The sulphate when hydrated dissolves in water with difhculty, 
when anhydrous it dissolves readily. The basic nitrate (2 ErO, NO,+3.aq.) forms 
bright rose colored, needle-shaped erystals, which are diffieultly soluble in nitrie acid, 
decomposed by water into nitrie acid and gelatinous hyperbasie salt, and yield the 
oxide on ignition. The oxalate is a rose colored, heavy sandy powder. Finally the 
oxide of erbium is most decisively characterized by the absorption-spectrum which is 
given by the solutions of its salts. Ofthe absorption bands a lies between 71 and 
74, 8 between 64°5 and 65°5, y between 32°6 and 38°0, ö between 85 and 91 on the 
spectrum table. If the solid ignited earth is saturated with not too concentrated 
phosphorie acid and reignited, a direct spectrum is obtained, the bright lines of which 
coincide with the dark ones of the absorption-spectrum. With boraw and microcosmic 


* MOSANDER imagined that he had separated also another earth, namely, the oxide 
of terbium. PorP considered both earths to be mixtures of yttria with oxide of cerium 
and oxide of didymium. DELAFONTAINE defended MoSANDER’S view. However BauR 
and BunsEN found in gadolinite only one other earth besides yttria, namely, oxide of 
erbium (Annal. d. Chem. u, Pharm. 137, 1). 
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salt the oxide of erbium gives beads which are clear and colorless when hot and also 


after cooling (difference between oxide of erbium and protoxide of cerium and oxide 
of didymium),. 


In the separation of oxide of erbium from yttria, which show a great likeness to 
each other in their deportment to reagents, BAHR and BunsEn make use of the different 
behaviour of the nitrates when heated. The separation is however not complete unless 
the process isrepeated over and over again, compare op. cit., p- 8. 


6. OXIDES OF ÜERIUM. 


Cerium is a rare metal ; it is found in the form of protoxide in cerite, orthite, &e. 
It forms three oxides, the protoxide (0eO), the sequioxide (Ce,0,) and the peroxide 
(Ce O,) which are capable of entering into combination with each other. The hydrate 
of the protoxide is white, but turns yellow upon exposure to the air, by absorption of 
oxygen. By ignition in the air it is converted into orange-red or red sesquioxide 
(difference between it and the preceding earths). Hydrate of protoxide of cerium dis- 
solves readily in acids. Ignited sesquioxide of cerium containing oxide of lanthanium 
and didymium dissolves readily in hydrochloric acid, with evolution of chlorine: in the 
pure state it dissolves very slightly in boiling hydrochlorie acid, except upon addition 
of some alcohol (difference between oxide of cerium and thoria and zirconia) ; the solu- 
tion contains protochloride. The sesquioxide dissolves in concentrated sulphuric acid, 
although with difficulty; it is hardly attacked by nitrie acid. The sesquioxide obtained 
from the oxalate when evaporated with nitrie acid yields a basic salt, which gives an 
emulsion with water, and is not completely soluble in very considerable quantities of 
water (difference from thoria). The salts of protoxide of cerium are colorless, occa- 
sionally with a slight shade of amethyst red ; the soluble protoxide salts redden litmus. 
Protochloride of cerium is not volatile (difference from alumina, berylla, and zirconia). 
The sulphate does not dissolve entirely in boiling water. Cerite (hydrated silicate of 
protoxide of cerium 2 [Ce O, La 0, Di 0] Si O,-+2.aq.) does not dissolve in aqua regia ; 
but is decomposed by fusion with carbonate of soda, and also by concentrated sul- 
phurie acid. Potassa precipitates white hydrate, whieh turns yellow in the air, and 
does not dissolve in an excess of the precipitant (difference from alumina and berylla). 
Ammonia precipitates basic salt, which is insoluble in an excess of the preeipitant. 
Carbonates of the alkalies produce a white precipitate, which dissolves sparingly in an 
excess of carbonate of potassa, somewhat more readily in carbonate ofammonia. Oxalic 
acid produces a white preeipitate ; the preeipitation is complete even in moderately 
acid solutions (difference from alumina and berylla). The precipitate is not dissolved 
by oxalic acid ; but it dissolves in a large proportion of hydrochlorie acid. A saturated 
solution of sulphate of potassa precipitates, even from somewhat acid solutions, white 
sulphate of potassa and protoxide of cerium (difference from alumina and berylla), 
which is diffcultly soluble in cold water, readily soluble in hot water and altogether 
insoluble in a saturated solution of sulphate of potassa (difference from yttria). The 
precipitate may be dissolved by boiling with a large quantity of water, to which some 
hydrochloric acid has been added. Carbonate of baryta preeipitates solutions of cerium 
salts slowly, but completely upon long-continued action. Tartaric acid prevents pre- 
eipitation by ammonia (difference from yttria) but not by potassa. Hyposulphite of 
soda does not precipitate cerium, even on boiling with very concentrated solutions. The 
precipitated sulphur only carries down traces of the salt with it. If we conduct chlorine 
through a solution of protoxide of cerium not too acid and mixed with acetate of soda, 
or if we add hypochlorite of soda to such a solution, all the cerium is preeipitated as 
light yellow peroxide (free from didymium and lanthanium, Popp). If asalt of protoxide 
ofcerium be dissolved in nitrie acid, with addition of an equal volume of water, and if a 
small quantity.of binowide of lead be added, and the liquid be boiled for some minutes, 
the solution turns yellow, even if only small quantities of cerium be present. On 
evaporating this solution to dryness, heating.the residue till a portion of the acid 
escapes, and treating it with water acidified with nitrie acid, no cerium will be dissolved, 
but any didymium and lanthanium present will be dissolved (GrBBs). Solutions of 
salts of sesquioxide of cerium are preeipitated in the cold by carbonate of baryta. Hypo- 
sulphite of soda precipitates a solution of nitrate of sesquioxide of cerium, Borax 
and phosphate of soda and ammonia dissolve cerium oxides in the outer flame to 
yellowish red beads (difference from the preceding earths) ; the coloration gets fainter 
on eooling, and often disappears altogether. In the inner flame colorless beads are 
obtained. 

7. OxıpE OF LANTHANIUM,. 


This oxide is generally found associated with protoxide of cerium. Itis white and 
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remains unaltered by ignition in the air (difference from protoxide of cerium). In 
contact with cold water it is slowly converted into a milk-white hydrate ; with hot 
water the conversion is rapid. The oxide and its hydrate change the color of reddened 
litmus-paper to blue ; they dissolve in boiling solution of chloride of ammonium, also 
in dilute acids. Oxide of lanthanium in this resembles magnesia. The salts of oxide 
of lanthanium are colorless ; the saturated solution of sulphate of oxide of lanthanium 
in cold water deposits a portion of the salt already at 30° (difference from protoxide 
of cerium). Sulphate of potassa, owalic acid, and carbonate of baryta give the same 
reactions as with protoxide of cerium. Potassa preeipitates hydrate, which is insoluble 
in an excess of the precipitant, and does not turn brown in the air. Ammoma preci- 
pitates basic salts, which pass milky through the filter on washing. The precipitate 
produced by carbonate of ammonia is insoluble in an excess of the preeipitant 
(difference from protoxide of cerium). If a cold dilute solution of acetate of oxide of 
lanthanium is supersaturated with ammonia, the slimy precipitate repeatedly washed 
with cold water, and a little iodine in powder added, a blue coloration makes its appear- 
ance, which gradually pervades the entire mixture (characteristic difference between 
oxide oflantlhanium and the other earths). 


8. OxIpE OF DiIDYMIUM. 


This oxide, like the oxide of lanthanium and in conjunction with it, is found associated 
with the protoxide of cerium. After intense ignition it appears white, moistened with 
nitric acid and feebly ignited dark-brown, after intense ignition again white. In 
contact with water it is slowly converted into hydrate ; it rapidly attracts carbonic 
acid ; its reaction is not alkaline ; it dissolves readily in acids. The concentrated 
solutions have a reddish or a faint violet color. The nitrate on heating is first con- 
verted into a basie salt (4 DiO, N O,+5 aq., difference from lanthanium) which is gray 
when hot and also when cold (difference frorm erbium). The chloride is not volatile. 
The saturated solution of the sulphate deposits salt, not at 80°, but upon boiling. 
Potassa preeipitates hydrate, which is insoluble in an excess of the preeipitant, and 
does not alter in the air. Ammonia preeipitates basic salt, which is insoluble in am- 
monia, but slightly soluble in chloride of ammonium. Carbonates of the alkalies pro- 
duce a copious precipitate, which is insoluble in an excess of the precipitant, even inan 
excess of carbonate of ammonia (difference from protoxide of cerium), but dissolves 
slightly in concentrated solution of chloride of ammonium. Oxalic acid precipitates 
salts of oxide of didymium almost completely ; the preeipitate is difhicultly soluble in 
cold hydrochlorie acid, but dissolves in that menstruum upon application of heat. 
Carbonate of baryta precipitates oxide of didymium from its solutions slowly (more 
slowly than protoxide of cerium and oxide of lanthanium), and never completely. A 
concentrated solution of sulphate of potassa precipitates didymium solutions more slowly 
and less completely than protoxide of cerium solutions. The precipitate is insoluble in 
solution of sulphate of potassa, and in water (DELAFONTAINE), but it dissolves in hot 
hydrochlorie acid with diffieulty. ZHyposulphite of soda does not precipitate solutions 
ofdidymium, Oxide of didymium gives with boraz in both flames a nearly colorless 
bead, which in the presence of large quantities has a faint amethyst-red tinge. Phos- 
phate of soda and ammonia dissolves the exide in the reducing flame to,an amethyst- 
red bead inclining to violet. With carbonate of soda in the outer flame a grayish- 
white mass is obtained (difference from manganese). The absorption-spectrum given 
by the solutions of the salts is peculiarly characteristie for diddymium. This was first 
described by GLADSTONE, and afterwards by O. L. ERDMANN and DELAFONTAINE. 
Baur and Bunsen have laid down the exact position of the bands (Zeitschr. f. anal. 
Chem. 5, 110). A direet spectrum may also be obtained from didymium as from 
erbium, but it is by no means well marked. 


For {he separation of cerium from lanthanium and didymiun, one of the following 
methods may be used :—a. Nearly neutralize the solution of the three metals, if acid, 
without allowing any permanent preeipitate to form, add a sufficient quantity ofacetate 
of soda and an excess of hypochlorite of soda, and boil for some time ; the cerium will 
fall as peroxide, while lanthanium and didymium remain in solution. (Popp, Ann. d. 
Chem. u. Pharm., 131, 360). db. Preeipitate the metals with potassa, wash, suspend 
the preeipitate in potassa, and pass chlorine. Lanthanium and didymium dissolve ; 
the peroxide of cerium remains behind. (Damour and Sr. CnaıRE DEVILLE, Compt. 
Rend., 59, 272). ce. Dissolve in a large excess of nitrie acid ; boil with peroxide of 
lead ; evaporate the orange colored solution to dryness, and heat the residue till a 
portion of the acid escapes ; treat with water acidulated with nitrie acid, and separate 
the insoluble basie nitrate of sesquioxide of cerium from the solution which contains all 
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the lanthanium and didymium. (GIBBs, Zeitschr. f. anal. Chem., 3, 396). In using 
the last method, before proceeding with the residue or solution, the lead must be first 
separated by sulphuretted hydrogen. d. Heat the chromates to 110°, and treat with 
hot water to extract the undecomposed compounds of lanthanium and didymium. The 
cerium remains behind as insoluhle sesquioxide (PArTInsoN and CLARK, Chem, News, 
16, 259). From the solution of lanthanium and didymium obtained by one or other of 
the above methods, the bases are preeipitated with oxalate of ammonia, the oxalates 
are Ignited, and the oxides thus obtained are treated with dilute nitrie acid. If the 
Separation of cerium was incomplete, the remainder of the cerium will here remain 
behind. The solution is evaporated in a dish with a flat bottom to dryness and heated 
to 400°-500°, The salts fuse ; nitrous fumes escape. The residue is treated with hot 
water, which dissolves the nitrate of lanthanium, leaving behind gray basic nitrate of 
didymium. By a repetition of the evaporation, &c., thetwo bases may be satisfactorily 
Separated. (DAmouR and St. CLAIRE Drvitze.) Another method of separation, 
which is however less complete, consists in converting the didymium and lanthanium 
into sulphates, making a saturated solution of the dry salts in water at 5° or 6°, and 
heating the solution to 30°, when the sulphate of lanthanium is for the most part thrown 
down and the sulphate of didymium is for the most part held in solution. For another 
method of separating lanthanium and didymium, which requires the presence of a con- 
siderable quantity of cerium, compare CL. WINKLER (Zeitschr. f. anal. Chem. 4, 417.) 


9. Tıranıo Acı, 


Titanium forms two oxides, sesquioxide of titanium (Ti,O,) and titanie acid (Ti O,). 
The latter is somewhat more frequently met with in analysis. It is found in the free 
state in rutile and anatase, in combination with bases in titanite, titaniferousiron, &c. 
It is found in small proportions in many iron ores, in clays, and generally in silicates, 
consequently also in blast furnace slags. The small copper-colored cubes which are 
occasionally found in such slags consist of a combination of cyanide of titanium with 
nitride of titanium. Feebly ignited titanic acid is white ; it transiently acquires a 
lemon tint when heated ; very intense ignition gives a yellowish or brownish tint to it. 
It is infusible, insoluble in water, and its specific gravity is 3°9 to 425. The chloride 
(Ti Cl,) isa colorless volatile fluid, fuming strongly in the air. 

a. Deportment with acids and reactions of acid solutions of titanie acid.—Ignited 
titanie acid is insoluble in acids, except in hydrofluorie acid and in concentrated sul- 
phuric acid. If the solution in hydrofluorie acid is evaporated with sulphuric acid, no 
fluoride of titanium will volatilize (difference from silieie acid.) With bisulphate of 
potassa it gives upon sufficiently long-continued fusion a clear mass, which is completely 
soluble in a large proportion of cold water. Titanic is very easily obtained in the state 
of a clear solution, by fusing with acid fluoride of potassium and dissolving tbe fusion 
in dilute hydrochlorie acid. The fluoride of potassium and titanium is difficultiy 
soluble in water, 1 part requiring 96 parts at 14°, Hydrate of titanie acid dissolves, 
both moist and when dried without the aid of heat, in dilute acids, especially in hydro- 
chlorie and sulphuric acids. All the solutions of titanie acid in hydrochlorie or sul- 
phuric acid, but more particularly the latter, when subjected in a highly dilute state 
to long-contiriued boiling, deposit titanic atid as a white powder (hydrated metatitanie 
acid) insoluble in dilute acids. Presence of much free acid retards the separation and 
diminishes the quantity of the precipitate. The precipitate which separates from the 
hydrochloric acid solution may, indeed, be filtered, but it will pass milky through the 
filter upon washing, except an acid or chloride of ammonium be added to the washing 
water. Solution of potassa throws down from solutions of titanie acid in hydrochlorie 
orsulphurie acid hydrate of titanic acid as a bulky white precipitate, which is insoluble 
in an excess of the precipitant; ummonia, sulphide of ammonium, and carbonate of 
baryta actin the same way. The preeipitate, thrown down cold and washed with eold 
water, is soluble in hydrochloric acid and in dilute sulphuric acid ; presence of tartarie 
acid prevents its formation. Ferrocyanide of potassium produces in acid solutions of 
titanic acid a dark-brown preecipitate ; infusion of galls a brownish precipitate, which 
speedily turns orange-red. On boiling a solution of titanic acid with hyposulphite of 
soda, the whole of the titanie acid is thrown down. Phosphate of soda tlırows down 
the titanic acid almost completely as phosphate of titanic acid even from solutions con- 
taining much hydrochlorie acid. 'The washed precipitate consists of 2 Ti 2 PD, 
(Merz). Zinc or tin produces after some time a pale violet or blue coloration ; sub- 
sequently a blue precipitate, which gradually becomes wlite. The coloration is caused 
by thereduction of the titanic acid to sesquioxide oftitanium. Ifto the blue but still elear 
solution potassa or ammonia is added, blue hydrated sesquioxide of titanium separates, 
which is gradually converted into white hydrated titanicacid with decomposition of water, 
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The reduction of titanie acid in hydrochlorie solution takes place also in the presence of 
fluoride of potassium (difference from niobie acid), the fluid becoming bright green. 
The solutions of chloride of titanium in water have properties which vary according to 
their preparation with hot or cold water. The solution prepared with cold water is not 
preeipitated by sulphurie acid, nor by hydrochloric, nor by nitrie, it is precipitäted by 
phosphoric acid, arsenie acid, or iodie acid ; but if the solution be boiled only for a few 
seconds it becomes slightly opalescent, and so far modified that hydrochlorice and nitrie 
acids produce white preeipitates in it which are insoluble in excess of the acids, sul- 
phuric acid also preeipitates it, but an excess redissolves the preeipitate. The solution 
prepared in the cold contains titanie acid, the boiled solution contains metatitanic acid. 
The difference also attaches to the hydrates. (R. WEBER, Pogg. Ann. 120, 287.) 

b. Reactions with alkalies.—Recently precipitated hydrate of titanic acid is almost 
absolutely insoluble in solution of potassa. Iftitanic acid is fused with hydrate of 
potassa, and the fused mass treated with water, the solution contains a little more 
titanic acid. By fusion with carbonates of the alkalies neutral titanates of the alkalies 
are formed, with expulsion of carbonic acid. Water extracts from the fused mass free 
alkali and alkaline carbonate, leaving behind acid titanate of alkali which dissolves in 
hydrochloric acid. Titanic acid mixed with charcoal gives upon ignition in a stream of 
chlorine chloride of titanium as a volatile liquid, which emits copious fumes in the air. 
Phosphate of soda and ammonia dissolves titanie acid in the point of the outer blow- 
pipe flame to a colorless bead but with difficulty, in the outer flame in front of the 
point of the inner flame titanic acid dissolves readily and in considerable quantity. If 
the clear and colorless bead is again held in the point of the outer flame, it becomes 
opaque if sufliciently saturated, and by continued action of the flame titanic acid will 
separate in mieroscopie erystals of the form of anatase (G. Rose). If the bead is held 
in a good reducing flame for some time, it will appear yellow while hot, red while cool- 
ing, and violet when cold. The reduction is promoted by the addition of a little tin. 
If some protosulphate of iron is added, the bead obtained in the reducing flame will 
appear blood-red. 


10. TAnTALıc Acıp.* 


Tantalum forms with oxygen the tantalic acid, TaO, (Ta=182), the existence of a 
lower oxide is probable, but its formula and properties have not been made out. 
Tantalie acid occurs in columbite and tantalite (almost always in conjunction with 
niobie acid). Tantalic acid is white, pale yellowish when hot (difference from Ti O,), 
when separated in the wet way it contains water of hydration. The anhydrous acid 
has a specific gravity of 7'6—8'01. Tantalie acid is not reduced by ignition in a 
current of hydrogen. It combines with acids as well as with bases. 

a. Acid solutions. —When the acid is intimately mixed with charcoal and ignited 
in a current of dry chlorine, the chloride of tantalum (Ta Cl,) is formed. The latter is 
yellow, solid, fusible, and can be sublimed ; it is completely decomposed by water, with 
separation of tantalic acid; it is entirely soluble in sulphuric acid, almost soluble in 
hydrochlorie acid, and partially soluble in potassa solution. If titanie acid is present, 
on treating the mixture of acids and charcoal with the current of chlorine, the chloride 
of titanium will be formed and will fume strongly in the air. Hydrated tantalic acid 
dissolves in hydrofluorie acid, the solution when mixed with fluoride of potassium yields 
a very characteristic salt in fine needles (2 KF, TaF,), which is distinguished by its 
difhieult solubility in water acidified with hydrofluorice acid (1 of the acid to 150 or 200 
of water). Hydrochlorie and concentrated sulphurie acid do not dissolve the ignited 
acid. With bisulphate of potassa it fuses to a colorless mass ; if this is treated with 
water, the tantalic acid combined with sulphuric acid remains undissolved (difference 
between tantalic acid and titanie acid, but cannot be made the ground of a method of 
separation). When ignited in an atmosphere of carbonate of ammonia, the sulphate of 
tantalic acid is converted into pure tantalic acid. If a solution of alkaline tantalate is 
mixed with hydrochlorie acid in excess, the first-formed precipitate redissolves to an 
opalescent fluid. Ammonia and sulphide of ammonium precipitate from this Auid the 
hydrate or an acid tantalate of ammonia, but tartaric acid prevents the precipitation. 
Sulphuric acid preeipitates sulphate of tantalic acid from the opalescent fluid. When 
acid solutions of tantalic acid are brought into contact with zönc, no blue coloration is 
observed (difference between tantalic acid and niobic acid). 

b. Behaviour to alkalies. —By continued fusion with hydrate of potassa tantalate of 





* The results of the recent investigations on tantalic and niobic acids by MARIGNAC, 
BLOMSTRAND, DEVILLE and TRoost, and HERMANN will be found in Zeitschr. f. anal, 
Chem. 5, 384 et seg. and 7, 104 et seq. 
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potassa is formed ; the fused mass dissolves in water. By fusion with hydrate of soda 
a turbid mass is obtained; a little water poured on this mass will dissolve out th« 
excess of soda, leaving the whole of the tantalate of soda undissolved, as this latter sal 
is insoluble in solution of soda ; but the tantalate of soda will dissolve in water after 
the removal of the excess of soda. Solution of soda throws down from this solution 
the tantalate of soda ; if the preeipitant be added slowly, the form of the precipitate is 
erystalline. Carbonic acid throws down from solutions of tantalates of the alkalies acid 
salts, which are not dissolved by boiling with solution of carbonate of soda. Sulphuric 
acid throws down even from dilute solutions of tantalates of the alkalies sulphate of 
tantalic acid ; ferrocyanide of potassium and infusion of galls produce precipitates only 
in acidified solutions; the precipitate produced by the former is yellow, by the latter 
light brown. Phosphate of soda and ammonia dissolves tantalie acid to a colorless 
bead, which is colorless also when hot, remains colorless even in the inner flame, and 
does not acquire a blood-red tint by addition of sulphate of protoxide of iron (difference 
between tantalic acid and titanie acid). 


11. NıoBIco Acıp. 


Niobium (Nb=94) combines with oxygen in several proportions. NbO,NbO, 
are oxides, NbO, (niobic acid) is an acid. It is occasionally found in columbite, 
samarskite, &c., and it is usually accompanied by tantalic acid. It is white, but turns 
transiently yellow when ignited (difference between niobic acid and tantalic aeid). Its 
specific gravity lies between 437 to 4'53 (difference between niobie acid and tantalic 
acid). By strong ignition in hydrogen the niobie acid is converted into black Nb O,. 
Niobie acid combines both with bases and acids. 

a. Acid solutions of niobie acid. —Concentrated sulphuric acid dissolves the acid on 
heating, unless it has been too strongly ignited. On the addition of much cold water, 
a clear solution is obtained. On fusing with bisulphate of potassa it dissolves readily 
to a colorless mass, and on treating the fusion with boiling water niobie acid containing 
sulphuric acid remains undissolved, which however is readily soluble in hydrofluorie 
acid, see below. By mixing niobic acid intimately with charcoal and treating with a 
current of chlorine, a mixture is obtained of white infusible difhieultly volatile oxychlo- 
ride (Nb 0, Cl,) and yellow more volatile chloride (NbC],). Treated with water botl 
compounds give turbid fluids, in which a portion of the niobie acid is separated, bu‘ 
the larger portion is dissolved. By boiling with hydrochlorie acid and afterwardı 
adding water the compounds give clear solutions, which are not precipitated by boiling 
or by sulphuric acid in the cold (difference from chloride of tantalum). By igniting 
niobie acid in the vapor of chloride of niobium the oxychloride is formed (difference 
from tantalic acid). From the acid solutions of niobie acid ammonia and sulphide of 
ammonium throw down hydrate of niobic acid containing ammonia; this and generally 
the unignited forms of niobie acid dissolve in kydrofluoric acid. The solution when 
mixed with fluoride of potassium gives fluoride of potassium and niobium (K F, NbF,) 
when hydrofluorie acid is in excess, otherwise it gives a combination of fluoride of 
potassium and oxyfluoride of niobium (KF,NbO,F,). The latter salt is also obtainee 
when niobate of potassa is dissolved in hydrofluoric acid; it is readily soluble in cold 
water, one part dissolving in 12'5 parts (difference from fluoride of potassium and 
titanium, which requires 96 parts of water, and from fluoride of potassium and tantalum 
which requires 200 parts of water). On digesting a hydrochlorie or sulphuric acid 
solution of niobie acid with zinc or tin, it acquires a blue and generally also a brown 
color, in consequence of the reduction of the niobic acid to lower oxides. In the 
presence of alkaline fluorides the reduction does not take place (difference between 
niobie acid and titanic acid). 

b. Alkaline solutions. —With hydrate of potassa niobie acid fuses to a clear mass, 
soluble in water. To hydrate of soda niobie acid shows the same deportment as 
tantalic acid. From the solution of niobate of potassa, solution of soda precipitates 
an almost insoluble niobate of soda. On boiling a solution of niobate of potassa with 
bicarbonate of potassa an almost insoluble acid niobate of potassa is thrown down. On 
fusing niobic acid with carbonate of soda and boiling the fusion with water, a erystal- 
line acid niobate of soda remains undissolved. Carbonic acid, when passed into solution 
of niobate of soda precipitates all the niobic acid as an acid salt. Phosphate of soda 
and ammonia dissolves niobie acid readily ; the bead held in the outer flame appears 
colorless as long as it is hot; the bead held in the inner flame has a violet, blue, or 
brown color, according to the quantity of the acid present, and a red color on th« 
addition of sulphate of protoxide of iron. n 


For the best methods of detecting the whole of the members of the third group in 
presence of each other, see Part II., Section III. 
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s 105. 
FOURTH GROUP. 


More common oxides:—OxıpE oF Zınc, PROTOXIDE OF MAn- 
GANESE, PROTOXIDE OF NICKEL, PROTOXIDE OF CoBALT, PROTOXIDE 
oF IRON, SESQUIOXIDE OF IRON. 

Rarer oxides :——SesQUIoxIDE OF ÜRANIUM, PROTOXIDE UF 
THALLIUM, OXIDE OF INDIUM, OXIDES OF VANADIUM. 

Properties of the Group. —The solutions of the oxides of the fourth 
group, if containing a stronger free acid, are not precipitated by hydro- 
sulphurie acid; nor are neutral solutions, at least not completely. But 
alkaline solutions are completely precipitated by hydrosulphurie acid ; 
and so are other solutions if a sulphide of an alkali metal is used as the 
preeipitant, instead of hydrosulphurie acid.* The precipitated metallic 
sulphides corresponding to the several oxides are insoluble in water; 
some ofthem are readily soluble in dilute acids ; others (sulphide of nickel 
and sulphide of cobalt) dissolve only with very great difheulty in these 
menstrua. Some of them are insoluble in sulphides of the alkali metals, 
others (nickel) are sparingly soluble in them, under certain circum- 
stances, whilst others again (vanadium) are completely soluble. The 
oxides of the fourth group differ accordingly from those of the first and 
second groups in this, that their solutions are precipitated by sulphide of 
ammonium, and from those of the third group inasmuch that the precipi- 
tates produced by sulphide ofammonium are sulphides, and not hydrated 


oxides, as is the case with alumina, sesquioxide of chromium, &e. 


Special Reactions of the more common Ozides of the fourth group. 
$ 106. 
a. OxıpE or Zınc (ZnO). 


1. MerAuuıc zıncis bluish-white and very bright ; when exposed to 
the air, a thin coating of basic carbonate of zine forms on its surface. 
It is ofmedium hardness, malleable at a temperature of between 100°’ and 
150°, but otherwise more or less brittle; it fuses readily on charcoal 
before the blowpipe, boils afterwards, and burns with a bluish-green 
flame, giving off white fumes, and coating the charcoal support with 
oxide. Zine dissolves in dilute een and sulphuric acids, with 
evolution of hydrogen gas ; in ilute nitrie acid, with evolution of 
nitrous oxide; in more concentrated nitric acid, with evolution of nitrie 
oxide. 

9, The oxIDE OF zınc and its HYDRATE are white powders, which 
are insoluble in water, but dissolve readily in hydrochlorie, nitrie, and 
sulphuric acids.. The oxide of zine acquires a lemon-yellow tint when 
heated, but it resumes its original white color upon cooling. When 
ignited before the blowpipe, it shines with considerable brillianey. 

3, The sALTS OF OXIDE OF zINC are colorless ; part ofthem are soluble 
in water, the rest in acids.. The neutral salts of zine which are soluble 
in water redden litmus-paper, and are readily decomposed by heat, 


* Vanadic acid behaves in a peculiar way to sulphide of ammonium, see $ 113, d. 
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with the exception of sulphate of zine, which can bear a dull red heat 
TOD undergoing decomposition. Chloride of zinc is volatile at a red 
eat. 

4. Hydrosulphuric acid precipitates from neutral solutions a portion of 
the metal as white hydrated sulphide of zine (Zn 8). In acid solutions 
this reagent fails altogether to produce a preeipitate if the free acid pre- 
sent is one ofthe stronger acids; but from a solution of oxide of zine in 
acetic acid it throws down the whole ofthe zinc, even if the acid is present 
in excess. 

5. Sulphide of ammonium throws down from neutral and hydrosul- 
phuric acid from alkaline solutions the whole of the metal as hydrated 
SULPHIDE OF ZINC, in the form of a white precipitate. Chloride of 
ammonium greatly promotes the separation of the precipitate. From 
very dilute solutions the precipitate separates only after long standing. 
This preeipitate is not redissolved by an excess of sulphide of ammonium, 
nor by potassa or ammonia; but it dissolves readily in hydro- 
chlorie acid, nitric acid, and dilute sulphuric acid. It is insoluble in 
acetic acid. 

6. Potassa and soda throw down HYDRATED OXIDE OF zınc (ZnO, 
H OÖ), in the form of a white gelatinous ae which is readily and 
completely redissolved by an excess of the precipitant. Upon boiling 
these alkaline solutions they remain, if concentrated, unaltered; but 
from dilute solutions nearly the whole of the oxide of zine separates 
as a white precipitate. Chloride of ammonium added to alkaline solu- 
tions, not containing a large excess of potassa or soda, produces a white 
precipitate of hydrated oxide of zinc, wbich, however, redissolves on 
addition of more chloride of ammonium (difference between oxide of 
zinc and alumina). 

7. Ammonia also produces in solutions, if they do not contain a large 
excess of free acid, a precipitate of HYDRATED OXIDE OF ZINC, which 
readily dissolves in an excess ofthe precipitant. The concentrated solu- 
tion turns turbid when mixed with water. On boiline the concentrated 
solution part ofthe oxide of zinc separates immediately ; on boiling the 
dilute solution allthe oxide of zine Bu Ammonia salts interfere 
with these precipitations more or less. 

8. Carbonate of soda produces a precipitate Of BASIC CARBONATE OF 
zınc (8[ZnO, HO]+2[ZnO, CO,]+%agq.), which is insoluble in an 
excess of the precipitant. Presence of salts of ammonia in great excess 
prevents the formation of this precipitate. 

9. Carbonate of ammonia also produces the same precipitate of BAsıc 
CARBONATE OF ZINC as carbonate of soda; but this precipitate redis- 
solves upon further addition ofthe precipitant. On boiling the dilute 
solution oxide of zinc precipitates. Ammonia salts interfere with this 
precipitation more or less. 

N.B. Non-volatile organic acids more or less interfere with the pre- 
cipitation of solutions of zinc, by the caustic and carbonated alkalies. 
Sugar does not prevent the precipitations. 

10. Carbonate of baryta fails to precipitate solutions of salts of zine in 
the cold, with the exception of the sulphate. 

11. Ferrocyanide of potassium throws down FERROCYANIDE OF ZINO 
(2 Zn, Ofy) as a white slimy preeipitate, somewhat soluble in excess of 
the precipitant, insoluble in hydrochlorie acid. 

12. Ferrieyanide of potassium throws down FERRICYANIDE OF ZING 
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(3 Zn, Cfdy) asa brownish orange-yellow precipitate, soluble in hydro- 
chloric acid and in ammonia. 

13. Ifa mixture of oxide of zine or one of its salts with carbonate 
of soda is exposed to the redueing ‚flame of the blowpipe, the charcoal 
support becomes covered with a slight coating of oxIDE OF zInc, which 
presents a yellow color wlıilst hot, und turns white upon cooling. This 
coating is produced by the reduced metallic zine volatilizing at the 
moment of its reduction, and being reoxidized in passing through the 
outer Hame. The METALLIC INCRUSTATION obtained according to 
p. 25 is black with a brown edge, the INCRUSTATION OF OXIDE iS 
white, and therefore invisible upon porcelain. It may be dissolved in 
nitrie acid and examined according to 14. 

14. MH oxide of zine or one of the salts of zine is moistened with 
solution of nitrate of protoxide of eobalt, and then heated before the 
blowpipe, an unfused mass is obtained of a beautiful GrEEN color: this 
mass is a compound of oxide of zine with protoxide of cobalt. If there- 
fore in the first experiment described in 13 the charcoal is moistened 
around the little cavity with solution of cobalt, the coating appears 
green when cold. This test may be applied with great delicacy by mixing 
the solution to be tested with a very little of the cobalt solution (not 
enough to give a bright red color), adding carbonate of soda in slight 
excess, boiling, filtering off, washing, and igniting on en foil. 
On triturating the residue the green color may be distinvtly and readily 
observed (BLoxAm). 


s 107. 
b. ProtoxıpE or MANGANESsE (MnO). 


1. METALLIC MANGANESE is whitish-gray, dull, very hard, brittle, 
and fuses with very great difficulty. It oxidizes rapidly in the air, and 
in water with evolution of hydrogen, and crumbles to a dark gray 
powder. It.dissolves readily in acids, the solutions contain protoxide. 

2. PROTOXIDE OF MANGANESE is light green; the hydrated prot- 
oxide is white. The former smoulders to brown protosesquioxide when 
heated in the air, the latter even at the ordinary temperature rapidly 
absorbs oxygen from the air and passes into brown hydrated protosesqui- 
oxide. They are readily soluble in hydrochlorie, nitric, and sulphurie 
acids. All the HIGHER OXIDES OF MANGANESE without exception 
dissolve to protochloride, with evolution of chlorine, when heated with 
hydrochlorie acid ; to sulphate of protoxide, with evolution of oxygen, 
when heated with concentrated sulphuric acid. 

3. The SALTS OF PROTOXIDE OF MANGANESE are colorless or pale 
red ; part ofthem are soluble in water, the rest in acids. The salts 
soluble in water are readily decomposed by ared heat, with the excep- 
tion of the sulphate. The solutions do not alter vegetable colors. 

4. Hydrosulphurie acid does not preeipitate acid solutions; neutral 
solutions also it fails to precipitate, or precipitates them only very 
imperfectly. 

5. Sulphide of ammonium throws down from neutral, and hydrosul- 
phuric acid from alkaline solutions the whole of the metal as hydrated 
SULPHIDE OF MANGANESE ar S), in form of a light flesh-colored* pre- 
cipitate, which acquires a dark-brown color in the air; this precipitate 


* Ifthe quantity of the precipitate is only trifling, the color appears yellowish white. 
I 
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isinsoluble in sulphide of ammonium and in alkalies, but readily soluble 
in hydrochloric, nitrie, and acetic acids.. The separation of the preecipi- 
tate is materially promoted by addition of chloride of ammonium. From 
very dilute solutions the precipitate separates only after standing some 
time in a warm place. Oxalate of ammonia, tartrate of ammonia, and 
especially citrate of ammonia retard the precipitation, the latter salt also 
keeps up some of the manganese. In the presence of ammonia and 
sulphide ofammonium in large excess, the flesh-colored hydrated preeci- 
pitate occasionally passes into the green anhydrous sulphide even in the 
cold, the change being greatly facilitated by boiling, and being hindered 
more or less by the presence of chloride of ammonium. Solutions 
containing much free ammonia must first be nearly neutralized with 
hydrochlorie acid. 

6. Potassa, soda, and ammonia produce whitish precipitates of 
HYDRATE OF PROTOXIDE OF MANGANESE (MnO, HÖ), which upon 
exposure to the air speedily acquire a brownish and finally a deep 
blackish-brown color, owing to the conversion of the hydrated protoxide 
into hydrated protosesquioxide by the absorption of oxygen from the 
air. Ammonia and carbonate of ammonia do not redissolve this preeipi- 
tate; but presence of chloride of ammonium prevents the precipitation 
by ammonia altogether, and that by potassa partly. Of already formed 
precipitates solution of chloride of ammonium redissolves only those parts 
which have not yet undergone peroxidation. The solution of the 
hydrated protoxide of manganese in chloride of ammonium is owing to 
the disposition of the salts of protoxide of manganese to form double 
salts with salts of ammonia. The ammoniacal solutions of these double 
salts turn brown in the air, and deposit dark-brown hydrate of proto- 
sesquioxide of manganese. 

N.B. Non-volatile organic acids impede the preeipitation of man- 
ganese by alkalies and alkaline carbonates. Sugar impedes the preeipi- 
tation by alkalies, but not that by alkaline carbonates. 

7. Ferrocyanide of potassium throws down FERROCYANIDE OF MAN- 
GANESE (2Mn,Cfy) as a reddish-white precipitate, soluble in hydro- 
chloric acid. 

8. Ferricyanide of potassium precipitates brown FERRICYANIDE OF 
MANGANESE (3 Mn, Öfdy) insoluble in hydrochloric acid and ammonia. 

9. Ifa few drops of a fluid containing protoxide of manganese, and 
free from chlorine, are sprinkled on Dinoxide of lead or red-lead, and 
nitric acid free from chlorine is added, the mixture boiled and allowed 
to settle, the fluid acquires a red color, from the formation of perman- 
ganic acid (HoPPE-SEYLER). 

10. Carbonate of baryta does not precipitate protoxide of manganese 
from aqueous solutions of its salts upon digestion in the cold, with the 
exception of sulphate of protoxide of manganese. 

11. Ifany compound of manganese, in a state of minute division, is 
fused with 2 or 3 parts of carbonate of soda on a platinum wire,oron & 
small strip of platinum foil (heated by directing the flame upon the lower 
surface),in the outer flame ofthe Bunsen or blowpipe, MANGANATE OF S0DA 
(NaO, Mn O,) is formed, which makes the fused mass appear GREEN 
while hot, and of a BLUISH-GREEN tint after cooling, the bead at the 
same time losing its transparency. This reaction enables us to detect 
the smallest traces of manganese. 

12. Boram and phosphate af soda and ammonia dissolve manganese 
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compounds in the outer gas or blowpipe flame to clear vIOLET-RED beads, 
which upon cooling acquire an AMETHYST-RED tint: they lose their 
color in the inner flame, owing to a reduction of the sesquioxide to 
protoxide. The borax bead appears black when containing a con- 
siderable portion of sesquioxide of manganese, but that formed by 
Pen of'soda and ammonia never losesits transpareney. The latter 
oses its color in the inner flame of the blowpipe far more readily than 
the former. 
$ 108. 


c. ProroxıpE or NıckeL (NiO). 


1. METALLIC NICKEL in the fused state is yellowish white, inclin- 
ing to gray; it is bright, hard, malleable, difieultly fusible;; it does not 
oxidize in the air at the common temperature, but it oxidizes slowly 
upon ignition; it is attracted by the magnet and may itself become 
magnetic. It slowly dissolves in hydrochlorie acid and dilute sulphurie 
acid upon the application of heat, with evolution of hydrogen gas. It 
dissolves readily in nitrie acid. The solutions contain protoxide of 
nickel. 

2. HYDRATE OF PROTOXIDE OF NICKEL is light green, and re- 
mains unaltered in the air, but is converted by ignition to whiteness 
into green PROTOXIDE OF NICKEL. Both the protoxide and its hydrate 
are readily soluble in hydrochlorie, nitrie, and sulphurie acids. But 
the protoxide which erystallizes in octahedrons is insoluble in acids; it 
dissolves, however, in fusing bisulphate of potassa. SESQUIOXIDE OF 
NICKEL is black ; it dissolves in hydrochlorie acid to protochloride witli 
evolution of chlorine. By gentle ignition of the nitrate, a protoxide 
containing a little sesquioxide of grayish-green color is obtained. 

3. Most of the saLTs OF PROTOXIDE OF NICKEL are yellow in the 
anhydrous, green in the hydrated state ; their solutions are light green. 
The soluble neutral salts slightly redden litmus-paper, and are decom- 
posed at a red heat. 

4. Hydrosulphurie acid does not precipitate solutions of salts with 
strong acids in presence of free Karden in the absence of free acid a 
small portion of the nickel gradually separates as black suLPHIDE or 
NICKEL (NiS).—Acetate of protoxide of nickel is not precipitated, or 
scarcely at all, in presence of free acetic acid. But in the absence of 
free acid the greater part of the nickel is thrown down by long- 
continued action of hydrosulphurie acid. 

5. Sulphide of ammonium produces in neutral, and hydrosulphurie 
acid in alkaline solutions, a black precipitate of hydrated sULPHIDE OF 
NICKEL (NiS), which is not altogether insoluble in sulphide of ammo- 
nium, especially if the latter contain free ammonia; the fluid from 
which the precipitate has been thrown down exhibits therefore usually 
a brownish color. The presence of chloride of ammonium, and still 
more of acetate of ammonia, considerably we the precipitation. 
Sulphide of nickel dissolves scarcely at all in acetie acid, with great 
difieulty in hydrochlorie acid, but readily in nitro-hydrochlorie acid 
upon application of heat. 

6. Potassa and soda produce a light green precipitate of HYDRATE 
OF PROTOXIDE OF NICKEL (Ni, Ho), which is insoluble in an excess 
of the preeipitants, and unalterable in the air, and on boiling (even in 
the presence of alcohol). ar of ammonia dissolves this preeipi- 
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tate, when filtered and washed, to a greenish-blue fluid, from which 
potassa or soda reprecipitates the nickel as an apple-green hydrate of 
protoxide. 

7. Ammonia added in small quantity produces a trifling greenish 
turbidity; upon further addition of the reagent this redissolves readily 
to a blue fluid containing a compound of PROTOXIDE OF NICKEL AND 
AMMONIA. Potassa and soda precipitate from this solution hydrate of 
protoxide of nickel. Solutions containing salts of ammonia or free acid 
are not rendered turbid by ammonia, 

N.B. The presence of non-volatile organic acids, and of sugar, im- 
pedes the precipitation by alkalies. 

8. Ferroeyanide of potassium preeipitates greenish-white FERROCYA- 
NIDE OF NICKEL (2 Ni, Öfy), which is insoluble in hydrochlorie acid. 

9. Ferrieyanide of potassium precipitates yellowish-brown FERRT- 
DUO OF NICKEL (3 Ni, Cfdy), which is insoluble in hydrochlorie 
acid. 

10. Oyanide of potassium produces a yellowish-green precipitate of 
CYANIDE OF NICKEL (Ni Öy), which redissolves readily in an excess of 
the preeipitant as a double cyanide of nickel and potassium (NiCy, 
KCy); the solution is brownish-yellow, and does not acquire a darker 
color on exposure to the air. If sulphurie acid or hydrochloric acid is 
added to this solution, the eyanide of potassium is decomposed, and the 
cyanide of nickel reprecipitated. From more highly dilute solutions 
the cyanide of nickel separates only after some time; it is very difhcultly 
soluble in an excess of the precipitating acids in the cold, but more 
readily upon boiling. If the solution of the double eyanide is rendered 
alkaline by solution of soda, being also kept so by a further addition of 
soda if necessary, and chlorine gas is passed into it without warming, 
the whole of the nickel gradually separates as black hydrate of sesqui- 
oxide. 

11. On adding to solutions which are not too dilute and which have 
been rendered alkaline by ammonia, a solution of sulphocarbonate of 
potassium,” a deep brownish-red fluid is obtained which is barely trans- 
lucent, and appears almost black by reflected lieht. If the solution of 
nickel is extremely dilute, the addition of the reagent will produce a 
delicate pink color (C. D. Braun). The occurrence of this color in 
highly dilute solutions is characteristie of nickel. 

12. Carbonate of baryta, on digestion in the cold with solutions, does 
not precipitate nickel, unless sulphuric acid is present. 

183. Nitrite of potassa with acetic acid does not throw down the 
nickel, even from concentrated solutions. In the presence of lime, 
baryta, or strontia, however, a yellow erystalline nitrite of protoxide of 
nickel and the alkaline earth is precipitated from not too dilute solu- 
tions. The precipitate is dificultly soluble in cold water, more readily 
in hot water to a green fluid (KünzEL, OÖ. L. ERDMANN). 

14. Borax and mierocosmie salt dissolve compounds of protoxide of 
nickel in the outer flame to clear beads. The borax bead is violet while 
hot, reddish-brown when cold; the microcosmic bead is reddish or 


* Prepared by taking a solution of hydrate of potassa containing about 5 per cent., 
saturating one-half with hydrosulphuric acid, adding the other half and then „4; of the 
volume of bisulphide of carbon, digesting at a gentle heat, and finally separating the 
dark orange-red fluid from the undissolved bisulphide of carbon. The solution must 
be kept in a well-closed bottle, 
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brownish-red while hot, yellow or reddish-yellow when cold. In the 
inner flame the microcosmie bead remains unaltered, but the borax bead 
becomes gray and cloudy from reduced metal. On continued heating 
the particles of nickel collect together without fusing, and the bead 
loses its color. 

15. By the reduction in the stick of charcoal, according to p. 24, 
the compounds of nickel yield after trituration white, shining, ductile 
spangles, which will be deposited on the point of a magnetic knife in 
the form of abrush. With nitric acid they give a green solution, which 
can be further examined. 


$ 109. 
d. PROTOxIDE OF CoBALT (C00). 


1. METALLIC COBALT in the fused state is steel-gray, pretty hard, 
malleable, difficultly fusible, and magnetic ; susceptible of polish ; it 
does not oxidize in the air at the common temperature, but it oxidizes 
atared heat; with acids it behaves like nickel. The solutions contain 
protoxide of cobalt. 

2. PROTOXIDE OF COBALT is light brown, its bydrate a pale red 
powder. Both dissolve readily in hydrochlorie, nitric, and sulphuric 
acids. SESQUIOXIDE OF COBALT is lack: it dissolves in hydrochlorie 
acid to protochloride, with evolution of chlorine. 

8. The saLTs OF PROTOXIDE OF COBALT containing water of crys- 
tallization are red, the anhydrous salts mostly blue. 'The moderately 
concentrated solutions appear of a light red color, which they retain 
even though considerably diluted. The soluble neutral salts redden 
litmus slichtly, and are decomposed at a red heat; sulphate of prot- 
oxide of cobalt alone can bear a moderate red heat without suffering 
decomposition. When a solution of chloride of cobalt is evaporated, the 
light red color changes towards the end of the operation to blue; 
addition of water restures the red color. 

4. Hydrosulphurie acid does not precipitate solutions of salts with 
strong acids, if they contain free acid ; from neutral solutions it gra- 
dually preeipitates part of the cobalt as black sulphide of cobalt (Co 8). 
Acetate of protoxide of cobalt is not precipitated, or to a very slight 
extent, in presence of free acetic acid. But in the absence of free acid 
it is completely precipitated, or almost completely. 

5. Sulphide of ammonium precipitates from neutral, and hydrosul- 
ca acid from alkaline solutions, the whole of the metal as black 

ydrated SULPHIDE OF COBALT (Co S). Chloride of ammonium pro- 
motes the precipitation most materially. Sulphide of cobalt is insoluble 
in alkalies and sulphide of ammonium, scarcely soluble in acetic acid, 
very difheultly soluble in hydrochloric acid, but readily so in nitro- 
hydrochloric acid, upon application of heat. 

6. Potassa and soda produce blue precipitates of BASIC SALTS OF 
COBALT, insoluble in excess of the precipitants, which turn green upon 
exposure to the air, owing to the absorption of oxygen. Upon boiling 
they are converted into pale red HYDRATE OF PROTOXIDE OF COBALT, 
which contains alkali, and generally appears rather discolored from 
sesquioxide formed in the process. If before boiling alcohol is added, 
the precipitate is rapidly converted into dark brown hydrate of the 
sesquioxide, Neutral carbonate of ammonia dissolves the washed pre- 
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cipitates of basic salt or hydrated protoxide completely to intensely 
violet=red fluids, in which a somewhat larger proportion of potassa or 
soda produces a blue precipitate, the fluid still retaining its violet color. 

7. Ammonia produces the same precipitate as potassa, but this redis- 
solves in an excess of the ammonia to a reddish Auid, which turns 
brownish-red on exposure to the air, from which potassa or soda throws 
down a portion of khe cobalt as blue basie salt. Ammonia produces no 
precipitate in solutions containing ammonia salts or a free acid. 

N.B. The presence of non-volatile organic acids or sugar checks 
the precipitation by alkalies. 

8. Ferroeyanide of potassium throws down green FERROCYANIDE OF 
COBALT (2 Co, Cty), insoluble in hydrochlorie acid. 

9. Ferricyanide of potassium throws down brownish-red FERRI- 
CYANIDE OF COBALT (3 Co, Cfdy), insoluble in hydrochloric acid. 

10. Addition of eyanide of potassium gives rise to the formation of a 
brownish-white precipitate of PROTOCYANIDE OF CoBALT (CoCy), 
which dissolves readily in excess of the precipitant as a double eyanide 
of cobalt and potassium. Acids precipitate from this solution eyanide 
of cobalt. But if the solution is boiled with eyanide of potassium in 
excess, in presence of free hydrocyanic acid (liberated by addition of 
one or two drops of hydrochloric acid), or if the solution is mixed with 
potassa or soda and chlorine is passed through it without warming, 
the double cyanide is converted into cobaltieyanide of potassium 
(K,Co,Cy,=K,Cedy), and acids will now produce no preecipitate 
(essential difference between cobalt and nickel). Nitrite of potassa and 
acetic acid added to the unaltered solution of the double ceyanide pro- 
duces a blood-red color in consequence of the formation of nitrocyanide 
of cobalt and potassium; when the liquid is very dilute the color is 

' merely orange red. Solution of soda added to the double cyanide 
occasions a brown color when the fluid is shaken, oxygen being ab- 
sorbed (essential differences between cobalt and nickel, Ü. D. Braun). 

11. Sulphocarbonate of potassium, added to solutions which have been 
rendered alkaline by ammonia, produces a dark brown, almost black 
color; if the solution is very dilute a pale straw color. 

12. Addition of tartaric or citric acid, then of ammonia in excess, 

‚and lastly of ‚ferrieyanide of potassium, produces a deep yellowish-red 
color ; with extremely dilute solutions a rose color (Skey). This is a 
very delicate reaction, well suited for the detection of cobalt in the 
presence of nickel. 

13. Carbonate of baryta behaves in the same way as to solutions of nickel. 

14. If nitrite of potassa is added in not too small proportion to a 
solution of protoxide of cobalt, then acetic acid to strongly acid reaction, 
and the mixture put in a moderately warm place, all the cobalt sepa- 

‚rates, from concentrated solutions very soon, from dilute solutions after 

some time, in the form of a erystalline precipitate of a beautiful yellow 
‚color (FISCHER, STROMEYER). STROMEYER considers this precipitate 
to be a NITRITE OF SESQUIOXIDE OF COBALT AND POTASSA 

-(00,0,3K0,5N 0,2HO), and its formation may be then accounted 
for in the following way: 2(C0o0,80,)+6(KO,NO,))+H0,A+ 
HO=KO,A +2(K0,8S0,) + 00,0,8K0,5N0,2H0 + NO,* 


*C. D. BrauN (Zeitschr. f. anal. Chem., 7, 335), on the contrary, considers the 
‚preeipitate to be a mixture of various compounds, : 
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The preeipitate is very perceptibly soluble in water, scarcely soluble in 
concentrated solutions of potassa salts and in alcohol, insoluble in pre- 
sence of nitrite of potassa. When boiled with water it dissolves, though 
not copiously, to a red fluid, which remains clear upon cooling, and 
from which alkalies throw down hydrate of protoxide of cobalt. This 
excellent reaction serves well to distinguish and separate cobalt from 
nickel. 

15. Borax dissolves compounds of cobalt in the inner and outer 
flame to clear beads of a magnificent blue color, which appear violet by 
candlelight, and are almost black in the presence of a large quantity 
of cobalt. This test is as delicate as it is characteristic. Phosphate of 
soda and ammonia gives the same reaction, but it is less delicate. 

16. In the reduction with the stick of eharcoal, according to p. 24, 
compounds of cobalt behave in the same way as compounds of nickel. 
The solution with nitric acid is red. 


$ 110. 
e. PrortoxıpE or Iron (FeO). 


1. METALLIC IRoN in the pure state has a light whitish-gray color 
(iron containing carbon is more or less gray); the metal is hard, 
lustrous, malleable, ductile, exceedingly difheult to fuse, and is attracted 
by the magnet. In contact with air and moisture a coating of rust 
(hydrate of sesquioxide of iron) forms on its surface : upon ignition in 
the air a coating of black protosesquioxide. Hydrochloric acid and 
dilute sulphuric acid dissolve iron, with evolution of hydrogen gas ; if 
the iron contains carbide, the hydrogen is mixed with carbide of hydro- 
gen. The solutions contain protoxide. Dilute nitrie acid dissolves iron 
in the cold to nitrate of protoxide, with evolution of nitrous oxide; at 
a high temperature to nitrate of sesquioxide, with evolution of nitrie 
oxide ; if the iron contains carbide, some carbonie acid is also evolved, 
and there is left undissolved a brown substance resembling humus, 
which is soluble in alkalies; when graphite is present, it also is left 
behind. 

9, PROTOXIDE OF IRoN is black; its hydrate is white, and in the 
moist state absorbs oxygen and speedily acquires a grayish-green, and 
ultimately a brownish-red color. Both the protoxide and its hydrate 
are readily dissolved by hydrochlorie, sulphuric, and nitrie acids. 

3, The sALTS OF PROTOXIDE OF IRON have in the anhydrous state 
a white, in the hydrated state a greenish color; their solutions only 
look greenish when concentrated. The latter absorb oxygen when ex- 
posed to the air, and are converted into salts of the protosesquioxide, 
with preeipitation of basic salts of sesquioxide. Chlorine or nitrie acid 
converts them by boiling; into salts of sesquioxide. The soluble neutral 
salts redden litmus-paper, and are decomposed at a red heat. 

4. Solutions of salts of protoxide of iron made acid by strong acids 
are not precipitated by hydrosulphuric acid ; nor are neutral solutions nor 
solutions acidified with weak acids precipitated by this reagent, or at 
the most but very incompletely. 

5. Sulphide of ammonium preeipitates from neutral, and hydrosul- 
phurie acid from alkaline solutions, the whole of the metal as black 
hydrated PROTOSULPHIDE OF IRON (Fe S), which is insoluble in alka- 
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lies and sulphides of the alkali metals, but dissolves readily in hydro- 
chloric and nitrie acids: this black preeipitate turns reddish-brown in 
the air by oxidation. To hiehly dilute solutions sulphide of ammonium 
imparts a green color, and it is only after some time that the protosul- 
phide of iron separates as a black precipitate. Chloride of ammonium 
promotes the precipitation most materially. 

6. Potassa and ammonia produce a precipitate of HYDRATE OF PROT- 
OXIDE OF IRON (FeO,H 0), which in the first moment looks almost 
white, but acquires after a very short time a dirty green, and ultimately 
a reddish-brown color, owing to absorption of oxygen from the air. 
Presence of salts of ammonia prevents the precipitation by potassa 
partly, and that by ammonia altogether. If alkaline solutions of prot- 
oxide’of iron thus obtained by the agency of salts of ammonia are ex- 
posed to the air, hydrate of protosesquioxide of iron and hydrate of 
sesquioxide of iron precipitate. Non-volatile organic acids, sugar, &e., 
check the precipitation by alkalies. 

7. Ferroeyanide of potassium produces a bluish-white preeipitate of 
FERROCYANIDE OF POTASSIUM AND IRON (K,Fe,, Cfy,), which, by 
absorption of oxygen from the air, speedily acquires a blue color. 
Nitrie acid or chlorine converts it immediately into Prussian blue, 
3 (K, Fe,, Cfy,)+401=3KCl+FeCl+2 (Fe,Ciy,). 

8. Ferrieyanide of potassium produces a magnificently blue precipitate 
0f FERRICYANIDE OF IRON (Fe, Öfdy). This precipitate does not differ 
in color from Prussian blue. It is insoluble in hydrochlorie acid, but is 
readily decomposed by potassa. In highly dilute solutions the reagent 
produces simply a deep blue-green coloration. 

9. Sulphocyanide of potassium does not alter solutions of protoxide of 
iron free from sesquioxide. 

10. Carbonate of baryta does not precipitate solutions of protoxide of 
iron in the cold, with the exception of the sulphate. 

ll. Borax dissolves protoxide of iron compounds in the oxidizing 
flame, giving beads varying in color from yellow to dark red; when 
cold the beads vary from colorless to dark yellow. In the inner flame 
the beads change to bottle-green, owing to the reduction of the newly- 
formed sesquioxide to protosesquioxide. Phosphate of soda and 
ammonia shows a similar reaction; the beads produced with this reagent 
lose their color upon cooling still more completely than those produced 
with borax; the signs of the ensuing reduction in the reducing Hame 
are also less marked. 

12. When reduced in the stick of charcoal (p. 24), compounds of 
protoxide of iron give a dull black powder, which is attracted by a 
magnetic knife. The reduced metal, when dissolved in a few drops of 
BE gives a yellow fluid, which can be further tested according 
to$ 111, 


s 11l. 
F. SesquioxiDE oF Iron (Fe, O,). 


1. The native crystallized SESQUIOXIDE OF IRON is steel-gray; the 
native as well as the artificially prepared sesquioxide of iron gives upon 
trituration a brownish-red powder; the color of hydrate of sesquioxide 
of iron is more inclined to reddish-brown. Botlı the sesquioxide and 
its hydrate dissolve in hydrochloric, nitrie, and sulphuric acids; the 
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hydrate dissolves readily in these acids, but the anhydrous sesquioxide 
dissolves with greater dificulty, and completely only after long exposure 
to heat. PRoToSESQUIOXIDE OF IRON (FeO, Fe, O,) is black ; it dis- 
solves in hydrochlorie acid to protochloride and sesquichloride, in aqua 
regia to sesquichloride. 

9%, The neutral anhydrous sALTS OF SESQUIOXIDE OF IRON Are 
nearly white; the basic salts are yellow or reddish-brown. The color 
of the solutions is brownish-yellow, and becomes reddish-yellow upon 
the application of heat. The soluble neutral saltsredden litmus-paper, 
and are decomposed by heat. 

3. Hydrosulphurie acid produces in solutions made acid by stronger 
acids a milky white turbidity, proceeding from separated SULPHUR; 
the salt of the sesquioxide being at the same time converted into salt of 
the protoxide: Fe,0,330,+ HS=2 (Fe080,)+H 0,80, + Ss E 
solution of hydrosulphurie acid is rapidly added to neutral solutions, 
a transient blackening of the fluid also occurs. From solution of 
neutral acetate of sesquioxide of iron hydrosulphurie acid throws down 
the greater part of the iron; but in presence of a suflicient quantity of 
free acetic acid sulphur alone separates. 

4. Sulphide of ammonium precipitates from neutral, and hydrosul- 
phuric acid from alkaline solutions, the whole of the metal as black 
hydrated PROTOSULPHIDE OF IRON (FeS) mixed with sulphur; 
Fe,C,+38NHS=3NH,CI+ 9FeS+$S. In very dilute solutions 
the reagent produces only a blackish-green coloration. The minutely 
divided protosulphide of iron subsides in such cases only after long 
standing. Chloride of ammonium most materially promotes the preci- 
pitation. Protosulphide of iron, as already stated ($ 110, 5), is inso- 
luble in alkalies and alkaline sulphides, but dissolves readily in hydro- 
chlorie and nitrie acids. 

5. Potassa and ummonia produce bulky reddish-brown precipitates of 
HYDRATE OF SESQUIOXIDE OF IRON (F&,O, 3H 0), which are in- 
soluble in an excess of the precipitant as well as in salts of ammonia, 
Non-volatile organic acids and sugar, when present in suflicient 
quantity, entirely prevent the precipitation. 

6. Ferroeyanide of potassium produces even in highly dilute solutions 
a magnificently blue precipitate of FERROCYANIDE OF IRON, Or 
Prussian blue (Fe, Cfy,): 2 (Fe,01,) +3 (Gy, 2K)=6KCl+ Fe, Cfy,. 
This preeipitate is insoluble in hydrochlorie acid, but is decomposed by 
potassa, with separation of hydrate of sesquioxide of iron. 

7. Ferrieyanide of potassium deepens the color of solutions of sesqui- 
oxide of iron to reddish-brown ; but it fails to produce a precipitate. 

8. Sulphocyanide of potassium imparts to acid solutions a most intense 
blood-red color, arising from the formation of a soluble sULPHO- 
OYANIDE OF IRON. This color does not disappear on the addition of a 
little alcohol and warming (difference from the analogous reaction of 
hyponitrie acid, $ 158). Solutions of sesquioxide of iron, containing 
acetate of soda (which consequently are more or less red from acetate 
of sesquioxide of iron), do not show the blood-red color of the sulpho- 
eyanide till after the Addition of much hydrochlorie acid. The same 
remark applies to solutions containing an alkaline fluoride or an 
oxalate. his test will indicate the presence of iron even in fluids, 
which are so highly dilute that every other reagent fails to produce 
in them the slightest visible alteration, The red coloration may in 
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such cases be detected most distinctly by resting the test-tube upon a 
sheet of white paper, and looking through it from the top. The 
delicacy of the reaction may also be increased by shaking gently with 
ether after the addition of hydrochlorie acid, and of excess of sulpho- 
cyanide of potassium solution freshly prepared from the erystals. The 
sulphoeyanide of iron dissolves in the ether, and the layer of the latter 
acquires a more or less red color. 

9. Carbonate of baryta precipitates even in the cold all the iron as 
HYDRATE OF SESQUIOXIDE MIXED WITH A BASIC SALT. 

10. The reactions before the blowpipe are the same as with the 
‚protoxide. 


$ 112. 


Recapitulation and remarks.—On observing the reactions of the several 
oxides of the fourth group with solution of potassa, it would appear that 
the separation of the oxide of zinc, which is soluble in an excess of this 
reagent, might be readily effected by its means; but in the actual 
experiment we find that rather notable quantities of oxide of zinc are 
thrown down with the sesquioxide ofiron, protoxide of cobalt, &c. To 
such an extent indeed that it is often impossible to demonstrate the 
presence of oxide of zinc in thealkaline filtrate. This method would 
be entirely inadmissible in the presence of sesquioxide of chromium, 
as solutions of the latter and of oxide of zine in potassa mutually pre- 
cipitate each other. 

Again, the reactions of the different oxides with chloride of ammo- 
nium and an access of ammonia would lead to the conclusion that the 
separation of sesquioxide of iron from the protoxides of cobalt, nickel, 
and manganese, and from oxide of zinc, might be readily effected by 
these agents. But this method also if applied to the mixed oxides is 
inaccurate, since greater or smaller portions of the other oxides will 
always precipitate along with the sesquioxide of iron; and it may 
therefore happen that small quantities of cobalt, manganese, &c., alto- 
gether escape detection in this process. 

It is far safer therefore to separate the other oxides of the fourth 
group from sesquioxide of iron by carbonate of baryta, as in that case 
the iron is precipitated free from’oxide of zine and protoxide of man- 
ganese, and, if chloride of ammonium is added previously to the addi- 
tion of the carbonate of baryta, almost entirely free also from protoxide 
of nickel and protoxide of 'cobalt. Instead of using the carbonate of 
baryta for the separation of sesquioxide of iron, we may proceed as 
follows : nearly neutralize any excess of acid with carbonate of soda, 
add acetate of soda and boil; or mix the sufhiciently diluted solution 
with a rather large quantity of chloride of ammonium, cautiously add 
carbonate of ammonia till "the fAuid commences to become cloudy, the 
reaction still remaining acid, and then boil. In each of these two 
last methods the basic salt of sesquioxide of iron must be filtered 
off hot. 

Protoxide of manganese may conveniently be separated from the 
protoxides of cobalt and nickel, as well as from oxide of zinc, by treating 
the washed preeipitated sulphides with moderately dilute acetic acid, 
which dissolves the sulphide of manganese, leaving the other sulphides 
undissolved. Ifthe acetic acid solution is now evaporated and mixed 
with solution of potassa, the least trace of a precipitate will be suflicient 
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to recognise the manganese before the blowpipe with carbonate of 
soda. If the sulphides left undissolved by acetic acid are now treated, 
after washing, with very dilute hydrochlorie acid, the sulphide of zine 
dissolves, leaving almost the whole of the sulphides of cobalt and nickel 
behind. If the Auid is then boiled, and strongly concentrated to expel 
the hydrosulphuric acid, and afterwards treated with solution of potassa 
or soda in excess without warming, the zine is sure to be detected in 
the filtrate by hydrosulphurie acid. 

On drying the filter containing the sulphides of nickel and cobalt, 
ineineratine it in a small porcelain dish, and testing a portion of the 
residue with borax in the inner blowpipe flame, the cobalt| ef gene- 
rally be detected with certainty even in the presence of nickel. The 
detection of nickelin presence of cobalt is not quite so simple a matter. 
It is best done by warming the rest of the residue with a little aqua 
regia, diluting, filtering, evaporating the solution to a small bulk, mixing 
with a suflieieney of nitrite of potassa, Ba acetic acid to strongly 
acid reaction, and setting aside in a moderately warm place for at least 
twelve hours. The cobalt then separates a8 nitrite of sesquioxide of 
cobalt and potassa ; the nickel may be preeipitated from the filtrate by 
solution of soda, and, to prevent mistakes, tested before the blowpipe, 
or according to $ 108, 11, after consideruble dilution. For the detec- 
tion of small quantities of nickel in presence of large quantities of 
cobalt, it is still better to use the solution of the eyanides in eyanide of 

otassium mixed with solution of soda. In this solution the presence 
of cobalt will be shown by a dark color on exposure to the air, the 

resence of nickel by the separation of black sesquioxide on treatment 
with chlorine ($ 108, 10, and $ 109, 10). 

In practical analysis we generally separate the whole of the oxides 
of the fourth group as sulphides by preeipitation with sulphide of ammo- 
nium. It is therefore in most cases still more convenient to separate 
nickel and cobalt, or at least the far larger portion of these two metals, 
at the outset. To this end the moist precipitate of the sulphides is 
treated with water and some hydrochlorie acid, with active stirring, but 
without application of heat. Nearly the whole of the sulphide of nickel 
and sulphide of cobalt is left behind undissolved, whilst all the other 
sulphides are dissolved. The undissolved residue of sulphide of cobalt 
and sulphide of nickel is filtered and washed, and treated as directed 
above. By boiling the filtrate with nitrie acid the iron is converted 

from the state of protoxide, as it existed in the solution of the sulphide, 
into that of sesquioxide. After the free acid has been nearly neutralized 
by earbonate of soda, the iron may be thrown down as basie salt either 
by carbonate of baryta in the cold, or by acetate of soda and boiling. 
Manganese and zinc alone remain in the filtrate ; these metals are then 
also preeipitated with sulphide of ammonium and some chloride of 
ammonium, the precipitate is fltered and washed, and the two metals 
are finally separated from each other by acetic acid as directed above, 
or, after removal of the baryta by sulphuric acid and great concentra- 
tion, by solution of potassa or soda. The trifling quantities of cobalt 
and nickel, dissolved on the first treatment of the sulphide precipitate 
with dilute hydrochloric acid, remain with the sulphide of zine in the 
separation of the latter from the sulphide of manganese by acetie acid— 
or with the protoxide of manganese if the separation is effected by 
solution of potassa or soda. The sulphide of zine may be extracted from 
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the blackish precipitate by dilute hydrochlorie acid, and the detection of 
the Manganese in presence of the cobalt and nickel may be readily 
etfected by means of carbonate of soda in the outer Hame. 

In the presence of von-volatile organic bodies the second method 
must be employed—namely, that depending upon the preliminary pre- 
eipitation of the whole of "the metals as sulphides, since such organic 


substances would check the precipitation of the sesquioxide of iron by 
carbonate of baryta. 


Protoxide and sesquioxide of iron may be detected in presence of 
each other by testing for the former with ferriceyanide of potassium, 
for the latter with ferrocyanide or sulphocyanide of potassium, 


Special Reactions of the rarer Oxides of the fourth group. 
$113. 
a. OXIDES OF URANIUM, 


This metal is found in a few minerals, as Pitchblende, uran-ochre, &c, The sesqui- 
oxide of the metal is used to stain glass yellowish-green. Uranium forms two oxides, 
viz., the protoxide (UO), and the sesquioxide. T'he protoxide is brown ; it dissolves 
in nitrie acid to nitrate of sesquioxide. The hydrate of the sesquioxide is yellow; at 
about 300° it loses its water and turns red; it is converted by ignition into the dark 
blackish-green protosesquioxide, The solutions of sesquioxide of uranium in acids are 
yellow. Hydrosulphuric acid does not alter them ; sulphide of ammonium throws 
down from them, after neutralization of the free acid, a siowly subsiding precipitate, 
which is readily soluble in acids, even acetic acid. The precipitation is promoted by 
chloride of ammonium. The precipitate, when formed in the cold, is chocolate-brown, 
and contains oxysulphide of uranium, sulphide of ammonium and water. It is insoluble 


the oxysulphide at first thrown down splits into sulphur and black protoxide, which last 


the precipitate in excess of sulphide of ammonium, it gradually turns blood-red, 
probably from becoming erystalline (Remeıf), Ammonia, potassa and soda produce 
yellow precipitates containing sesquioxide of uranium and alkali, which are insoluble in 
excess of the precipitants. Oarbonate of ammonia and bicarbonate of potassa or soda 
produce yellow precipitates of carbonate of sesquioxide of uranium and alkali, which 
readily redissolve in an excess of the precipitants. Potassa and soda throw down from 
such solutions the whole of the sesquioxide of uranium. Carbonate of baryta com- 
pletely precipitates solutions of sesquioxide of uranium, even in the cold (essential 
difference from nickel, cobalt, manganese, and zinc, and means of separating uranium 
from these metals), Ferrocyanide of potassium produces a reddish-brown precipitate 
(a most delicate test). Boraz and phosphate of soda and ammonia give with uranium 
compounds in the inner flame of the blowpipe green beads, in the outer flame yellow 
beaus, which acquire a yellowish-green tint on cooling. 


b. OxIDES OF THALLIUM. 


Thallium oceurs, but invariably in extremely minute quantities, in many kinds of 
copper and iron pyrites, in many kinds of crude sulphur, and accumulated in the flue- 
dust of the lead chambers, where the furnaces are fed with thalliferous pyrites. It is 
occasionally found in commercial sulphurice and hydrochlorie acids, and it has been 
discovered in !epidolite, preparations of cadmium and bismuth, in ores of zine, mercury 
and antimony, in the asbes of plants, and in some saline waters. Thallium is a 
metal resembling lead, of 11-86 spec. grav., soft, fuses at 290°, volatile at a white 
heat, and in a current of hydrogen at a red heat, crackling like tin when bent ; it does 


$ 113.] RARE OXIDES. GROUP IV. 125 


not decompose water, even on addition of acid. Dilute sulphuric and nitrie acids 
readily dissolve it, hydrochloric acid dissolves it with diffieulty. It forms a basic 
oxide (protoxide, TIO) and a trioxide. PROTOXIDE OF THALLIUM is colorless, and 
fusible, when in the melted state it attacks glass or porcelain. It dissolves in water; 
the solution is colorless, alkaline, caustie, and absorbs carbonie acid. It dissolves in 
alcohol. The TRIOXIDE OF THALLIUM is insoluble in water and dark violet, its hydrate 
is brown. Trioxide of thallium is hardly acted on by concentrated sulphuric acid in 
the cold, on heating they combine. On continued heating oxygen escapes and sulphate 
of the protoxide is formed. Treated with hydrochloric acid, the trioxide yields the 
corresponding chloride, as a white crystalline mass, which splits into chlorine and 
protochloride wlıen heated. In solutions of SALTS OF THE TRIOXIDE alkalies throw 
down hydrate of the trioxide, hydrosulphuric acid produces salts of the protoxide with 
separation of sulphur, iodide of potassium yields protiodide and iodine, hydrochloric 
acid produces no change. The sALTS OF PROTOXIDE OF THALLIUM are colorless, some 
are readily soluble in water (sulphate, nitrate, phosphate, tartrate, acetate), some are 
diffieultly soluble (carbonate, chloride), some are almost insoluble (iodide, &e.). On 
boiling solutions of salts of the protoxide with nitric acid the protoxide is not converted 
into trioxide, but it is so converted entirely by boiling and evaporating with aqua regia. 
Potassa, soda and ammonia do not precipitate aqueous solutions of salts of the protoxide, 
carbonated alkalies throw down carbonate of the protoxide, but only from very concen- 
trated solutions (for 100 parts of water dissolve 5'23 parts at 18°). Hydrochlorie acid 
throws down the protochloride, if the solutions are not extremely dilute, in the form of a 
white readily subsiding precipitate, unalterable in the air, still less soluble in dilute 
hydrochloric acid than in water. Jodide of potassium preeipitates, even from the most 
dilute solutions, the light yellow protiodide, which is almost insoluble in water, but 
somewhat more soluble in solution of iodide of potassium. Chloride of platimum preci- 
pitates from solutions which are not extremely dilute the pale orange double chloride 
(TIC1, Pt C1,), which is very diffieultly solable. Aydrosulphuric acid does not preci- 
pitate solutions rendered strongly acid by mineral acids, unless arsenious acid is present, 
when a brownish-red preeipitate is formed, which contains the whole of the arsenic and 
a part ofthe thallium. Neutral or very slightly acid solutions are incompletely preci- 
pitated by this reagent ; from acetic acid solutions the whole of the thallium is thrown 
down as black protosulphide. Sulphide of ammonium precipitates the whole of the 
thallium as black sulphide, which readily collects into lumps, especially on warming; 
hydrosulphuric acid added to alkaline solutions has the same effect. The sulphide 
thrown down is insoluble in ammonia, alkaline sulphides and cyanide of potassium, it 
rapidly oxidizes in the air to sulphate of the protoxide, it dissolves readily in dilute 
hydrochlorie, sulphuric and nitrie acids, but it is acted on only with difficulty by acetie 
acid. On heating it first fuses and then volatilizes. Zine throws down the metal in 
the forn of black erystalline lamin®. Colorless flames are tinged intensely green by 
combinations of thallium. The spectrum of thallium exhibits only one line (compare 
the spectrum table) of an emerald green color, extremely characteristic. If the quantity 
of metal is small, the line soon disappears. The spectroscope generally affords the 
best means of detecting thallium. Thalliferous pyrites often gives the green line at 
once. If you want to look for thallium in erude sulphur, it is best to remove the 
greater part of the sulphur with bisulphide of carbon, and then to test the residue. In 
the presence of much sodium with very small quantities of thallium the green line will 
not be seen, unless you moisten the substance and examine the spectrum which is 
first produced. For the detection of thallium in the wet way, iodide of potassium is 
the most delicate reagent ; if iron is present, it must previously be reduced by sulphite 
of soda. 


c. OXIDE OF InDIuM. 


Indium has hitherto been discovered only in the blende of Freiberg, in the zine 
prepared from the same, and in wolfram. It is a white highly lustrous metal, and 
resembles platinum in color, it is very soft, ductile, makes a mark on paper, is capable 
of receiving a polish, and preserves its lustre in the air and in water even when boiling. 
It fuses about as easily as lead. On charcoal before the blowpipe it melts with a 
shiniug metallic surface, colors the flame blue, and yields an incrustation which is dark 

. yellow in the heat, light yellow when cold, and cannot be easily dispersed by the blow- 
pipe flame. Indium dissolves in dilute hydrochlorie and sulphurie acids with evolution 
of hydrogen, slowly in the cold, more rapidly on heating ; in concentrated sulphurie 
acid it dissolves with evolution of sulphurous acid, in nitric acid it dissolves with ease 
even when the acid is cold and dilute. The oxide (In O) is brown when hot, straw- 
colored when cold, it does not color vitreous fluxes ; when ignited in hydrogen or with 
charcoal, it is readily reduced, and if a flux be used metallic globules will be obtained, 
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The ignited oxide dissolves slowly in acids in the cold, but readily and completely in 
the heat. The salts are colorless, the sulphate, nitrate and chloride dissolve readily in 
water. The chloride is volatile and hygroscopie. Alkalies throw down the hydrate 
in the form of a white bulky preeipitate, like hydrate of alumina, which is completely 
insoluble in potassa and ammonia ; tartaric acid prevents the precipitation. Alkaline 
carbonates precipitate a white gelatinous carbonate. When recently thrown down the 
precipitate dissolves in carbonate of ammonia, but not in carbonate of potassa or 
carbonate of soda ; if the solution in carbonate of ammonia is boiled, the carbonate of 
indium separates again. Phosphate of soda throws down a white bulky precipitate. 
Alkaline oxalates produce a cıystalline precipitate. Acetate of soda added to the nearly 
neutral solution of the sulphate throws down on boiling a basic sulphate, Curbonate of 
baryta preeipitates the whole of the indium, on digestion in the cold, in the form of 
basic salt. (Means of separating indium from zine, manganese, cobalt, nickel, and 
protoxide of iron.) Hydrosulphurie acid produces no precipitate in {he presence of a 
strong acid. From dilute and slightly acid solutions it throws down some of the 
indium, as in the case of zine. From a solution acidified with acetic acid this reagent 
throws down sulphide of indium in the form of a slimy preeipitate of a fine yellow 
color. Sulphide of ammonium added to a solution mixed with tartarie acid and 
ammonia produces a white precipitate which probably consists of sulphide of indium 
and hydrogen. It turns yellow on treatment with acetie acid. Sulphide of indium 
is insoluble in cold, but soluble in hot, sulphide of amnıoniumn; on cooling it separates 
from the solution with a white color. Ferrocyunide of potassium produces a white 
precipitate. Ferricyanide and sulphocyamnide of potassium and chromate of potassa 
produce no precipitate. Zine precipitates the metal in the form of white shining 
lamine. Indium compounds produce a peculiar bluish violet tinge in a colorless 
Name. The spectrum has two characteristie blue lines (see the spectrum table). With 
the chloride the lines, especially a, appear brightest, but they are very transient. For 
obtaining more persistent lines the sulphide is the most suitable compound. 


d. OXIDES OF VANADIUM. 


Vanadium oceurs in the form of vanadates, occasionally in small quantities in iron 
and copper ores, and in the slags obtained from ihe same. There are four oxides of 
vanadium, the dioxide (V =51'3), the trioxide, the tetroxide, and vanadie acid (V O,): 
Roscor. VO, is gray, possesses metallic lustre, is insoluble in water, and is soluble 
in dilute acids, with evolution of hydrogen, to blue fluids which bleach organic coloring 
matters by reducing them. VO, is black, insoluble, not reduced by ignition in 
hydrogen, exposed to the air it is gradually converted into VO,. Acid solutions 
containing V O, are green. VO, is dark blue, acid solutions in which it is present are 
pure blue. All the lower oxides pass into V O, on heating with nitrie acid or aqua 
regia, on fusing with nitrate of potassa, or on igniting in oxygen orair. Vanadie acid 
is non-volatile, fusible, solidifies to a erystalline mass, dark red to orange-red in color. 
Heated to redness in a current of hydrogen it is converted to VO,. Vanadie acid is 
diffieultly soluble in water, but reddens litmus paper strongly. It combines with acids 
and with bases. «a. Acid solutions.—The stronger acids dissolve vanadic acid to red or 
yellow fluids, which are frequently decolorized by boiling. The sulphuric acid solution 
when much diluted, treated with zönc and warmed gently turns first blue, then green, 
and finally from lavender to violet. The VO, is thus reduced to V O,, and on addition 
of ammonia a brown precipitate of the hydrate of the dioxide forms, which immediately 
absorbs oxygen. Sulphurous acid, hydrosulphurice acid, and organic substances reduce 
the solutions, but only to VO, hence the color produced is only blue. Sulphide of 
ammonium produces a brown color, and on acidifying with hydrochlorie acid, or better 
with sulphuric acid, the brown pentasulphide falls, which is soluble in excess of 
sulphide of ammonium with a brownish-red color. Ferrocyanide of potassium throws 
down a green flocculent preeipitate which is insoluble in acids. Tincture of galls 
produces after some time in solutions free from excess of acid a brownish-black preci- 
pitate. b. Vanadates. —Vanadic acid forms three series of salts. Besides the ordinary 
tribasie salts which alone occur in minerals, there exist also bibasie and monobasie 
salts. The neutral tribasie salts are generally yellow, those of the alkalies and some 
others are converted by warming with water into a colorless modification. The acid . 
salts are yellowish-red. The salts will sustain a red heat, most of them are soluble in 
water, all are soluble in nitrie acid. The alkaline vanadates are soluble in water in 
inverse proportion to the quantity of free alkali or alkaline salt present. When mixed 
with acıids, the solutions acquire a yellow or red color, nitrate of silver, nitrate of 
suboxide of mercury, chloride of barium, and acetate of lead, produce wbite or yellow 
precipitates readily soluble in aeids, sulphide of ammonium reacts as in acid solutions, 
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ferroeyanide of potassium produces a yellow precipitate, tincture of galls produces 4 
deep black color, especially in solutions of acid vanadates of the alkalies. If the solu- 
tion of a vanadate of an alkali is saturated with chloride of ammonium, the whole of 
the vanadic acid separates as white vanadate of ammonia, insoluble in solution of 
chloride of ammonium (most characteristic reaction). The precipitate gives by igni- 
tion vanadie acid or a mixture of the same with a lower oxide. Ifan acidified solution 
of vanadate of alkali is shaken with perowide of hydrogen, the fluid acquires a red tint; 
if ether is then added, and the mixture shaken, the solution retains its color, the ether 
remaining colorless (most delicate reaction). WERTHER. Borax dissolves vanadie 
acid in the inner and outer flame to a clear bead ; the bead produced in the outer flame 
is colorless, with large quantities of vanadic acid, yellow; the bead produced in the 
inner flame has a beautiful green color ; with larger quantities of vanadic acid it looks 
brownish whilst hot, and only turns green on cooling. 


s 114. 


FIFTH GROUP. 


More common oxides:—OxIDE OF SILVER, SUBOXTDE OF MER- 
CURY, OxıpE or MERCURY, OxIDE OF LEAD, TEROXIDE OF Bıs- 
MUTH, ÜXIDE OF COPPER, OXIDE OF ÜADMIUM. 

Rarer oxides;—Oxıpes or PALLADıum, RuoDIum, OSMIUM, 
RUTHENIUM. 

Properties of the group. —The sulphides corresponding to the oxides 
of this group are insoluble both in dilute acids and in alkaline sul- 
phides.* The solutions of these oxides are therefore completely pre- 
eipitated by hydrosulphuric acid, no matter whether they be neutral, 
or contain free acid or free alkali. The fact that the Bi SA of the 
oxides of the fifth group are preeipitated by hydrosulphuric acid im 
presence of a free strong acid, distinguishes them from the -oxides of 
the fourth group and generally from the oxides of all the preceding 
groups. 

For the sake of greater clearness and simplieity, we divide the 
more common oxides of this group into two classes, and distinguish, 

1. OxIDES PRECIPITABLE BY HYDROCHLORIC ACID, viz., oxide of 
silver, suboxide of mercury, oxide of lead. 

9. OxIDES NOT PRECIPITABLE BY HYDROCHLORIC ACID, VIZ., 
oxide of mercury, oxide of copper, teroxide of bismuth, oxide of 
cadmium. 

Lead must be considered in both classes, since the sparing solubility 
of its chloride might lead to confounding its oxide wıth suboxide of 
mercury and oxide of silver, without affording us on the other hand any 
means of effecting its perfect separation from the oxides of the second 
division. 


Special Reactions of the more common Ozides af the fifth group. 


FIRST DIVISION; OXIDES WHICH ARE PRECIPITATED BY 
HYDROCHLORIC ACID. 


$ 115. 
a. OXIDE OF SILVER (Ag O0). 
1. METALLIC SILVER is white, very lustrous, moderately hard, 
highly malleable, rather difhieultly fusible. It is not oxidized by 


* Consult however the paragraphs on oxide of copper and suboxide and oxide of 
mercury, as the latter remark applies only partially to them. 
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fusion in the air. Nitrie acid dissolves silver readily; the metal is in- 
soluble in dilute sulphuric acid and in hydrochlorie acid. 

2. OXIDE OF SILVER is a grayish-brown powder ; it is not altogether 
insoluble in water, and dissolves readily in dilute nitrie acid. It forms 
no hydrate. It is decomposed by heat into metallic silver and oxygen 
gas. The black suboxide of silver (Ag,O) and the binoxide are like- 
wise decomposed by heat into metallic silver and oxygen. 

3. The sSALTS OF OXIDE OF SILVER are non-volatile and colorless ; 
many of them acquire a black tint upon exposure tö light. The 
soluble neutral salts do not alter vegetable colors, and are decomposed 
at a red heat. 

4. Hydrosulphurie acid and sulphide of ammonium precipitate black sUL- 
PHIDE OF SILVER (Ag S) which is insoluble in dilute acids, alkalies, 
alkaline sulphides, and cyanide of potassium. DBoiling nitric acid 
decomposes and dissolves this precipitate readily, with separation of 
sulphur. 

5. Potassa and soda precipitate OXIDE OF SILVER in the form ofa 
grayish-brown powder, which is insoluble in an excess of the preci- 
pitants, but dissolves readily in ammonia. 

6. Ammonia, if added in very small quantity to neutral solutions, 
throws down the oxıpE as a brown precipitate, which readily re- 
dissolves in an excess of ammonia. Acid solutions are not pre- 
cipitated. 

7. Hydrochlorie acid and soluble metallic chlorides produce a white 
curdy precipitate of CHLORIDE OF SILVER (AgC]). In very dilute 
solutions these reagents impart at first simply a bluish-white opalescent 
appearance to the Nuid; but after long standing in a warm place the 
chloride of silver eolleets at the bottom of the vessel. By the action 
of light the white chloride of silver loses chlorine, first acquiring a 
violet tint, and ultimately turning black ; it is insoluble in nitrie acid, 
but dissolves readily in ammonia as ammonio-chloride of silver, from 
which double compound the chloride of silver is again separated by 
acids. Concentrated hydrochloric acid and concentrated solutions of 
chlorides of the alkali metals dissolve chloride of silver to a very per- 
ceptible amount, more particularly upon application of heat; but the 
dissolved chloride separates again upon dilution. Upon exposure to 
heat chloride of silver fuses wıthout decomposition, giving upon cooling 
a translucent horny mass. 

8. If compounds of silver mixed with carbonate of soda are exposed 
on a charcoal support to the inner flame of the blowpipe, white brilliant 
malleable metallic. globules are obtained, with or without a slight dark 
red incrustation of the charcoal. The metal is also readily reduced in 
the stick of charcoal (p. 24). 


$ 116. 
d. SupoxınEz or MErcurY (Hg,0). 


1. METALLIC MERCURY is grayish-white, lustrous, fluid at the 
common temperature ; it solidifies at - 39°, and boils at 360°. It is 
insoluble in hydrochlorie acid; in dilute cold nitrie acid it dissolves to 
nitrate of suboxide, in concentrated hot nitrie acid to nitrate of oxide of 


mercury. 
2. SUBOXIDE OF MERCURY is a black powder, readily soluble in 
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nitrie aeid. It is decomposed by the action of heat, the mercury 
volatilizing in the metallic state. It forms no hydrate. 

3. The saLTs OF SUBOXIDE OF MERCURY volatilize upon ignition ; 
most of them suffer decomposition in this process. Subchloride and 
subbromide of mereury volatilize unaltered. Most of the salts of sub- 
oxide of mercury are colorless. The soluble salts in the neutral state 
redden litmus-paper. Nitrate of suboxide of mercury is decomposed 
by adıition of much water into a light yellow insoluble basic and a 
soluble acid salt. 

4. Hydrosulphurie acid and sulphide of ammonium produce black pre- 
eipitates, which are insoluble in dilute acids, sulphide of ammonium, 
and cyanide of potassium. The precipitates consist of SULPHIDE OF 
MERGURY MIXED WITH MarcURY. Monosulphide of sodium, in 
presence of some caustic soda, dissolves this preeipitate with separation 
of metallic mereury ; bisulphide of sodium dissolves it without separa- 
tion of metallic mercury; the solutions contain sulphide of mercury. 
The precipitate gives up mercury to boiling concentrated nitric acıd 
with formation ofa white double compound, namely, HgO,NO,+2HgS8. 
The precipitate is readily dissolved by aqua regia. 

5. Potassa, soda, and ammonia produce black preeipitates, which are 
insoluble in an excess of the preeipitants. The precipitates produced 
by the fixed alkalies consist of SUBOXIDE OF MERCURY; whilst those 
produced by ammonia consist of BASIC SALTS CONTAINING AMMONIA 
OR AMIDOGEN. 

6. Hydrochlorie acid and soluble metallic chlorides precipitate SUB- 
CHLORIDE OF MERCURY (Hg, Cl) as a fine powder of dazzling white- 
ness. Cold hydrochlorie acid and cold nitrie acid fail to dissolve this 
precipitate ; it dissolves however, although very difhicultly and slowly, 
upon long-continued boiling with these acids, being resolved by hydro- 
chlorie acid into chloride of mereury and metallic mercury, which 
separates; and converted by nitrie acid into chloride of mercury and 
nitrate of oxide of mercury. Nitrohydrochlorie acid and A Ace 
water dissolve the subchloride of mercury readily, converting it into 
chloride. Ammonia and potassa decompose the subchloride of mer- 
cury, separating from it, the former a compound of subamide of mercury 
with subehloride of mereury (Hg, NH,, Hg, Cl), the latter suboxide uf 
mercury. 

7. Ifa drop ofa neutral or slightly acid solution is put on a clean 
and smooth surface of copper, and washed off after some time, the spot 
will afterwards, on being gently rubbed with eloth, paper, &c., appear 
white and lustrous like silver. The application of a gentle heat to the 
copper causes the metallic mercury preeipitated on its surface to vola- 
tilize, and thus removes the silvering. 

8. Protochloride of tin produces a gray precipitate of METALLIC 
MERCURY, which may be united into globules by boiling the metallic 
deposit, after decanting the Auid, with hydrochlorie acid, to which a 
little protochloride of tin may also be added. 

- 9, Ian intimate mixture of an anhydrous compound of mercury 
with anhfdrous carbonate of soda is introduced into a sealed glass tube, 
and covered with a layer of carbonate of soda, and the tube is then 
stronely heated, the mercurial compound invariably undergocs decom- 
position, and METALLIC MERCURY separates, forming a coat of gray 
sublimate above the heated part ofthe tube. By means of a lens tlie 

?. K 
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sublimate will be seen to consist of globules of metal. Larger globules 
may be obtained by rubbing the sublimate with a glass rod. 


$ 117. 
c. OxıpE or Lean (PbO). 


l. MerAuuıc LEAD is bluish-gray ; its surface recently eut exhibits 
a metallic lustre ; itis soft, malleable, readily fusible. It evaporates at 
a white heat. Fused upon charcoal before the blowpipe it forms a 
coating of yellow oxide on the support. Hydrochlorie acid and 
moderately concentrated sulphuric acid act upon it but little, even with 
the aid of heat; but dilute nitric acid dissolves it readily, more parti- 
cularly on heating. 

2. OXIDE OF LEAD is a yellow or reddish-yellow powder, looking: 
brownish-red whilst hot, and fusible at a red heat. Hydrated oxide 
of lead is white. Both the oxide and its hydrate dissolve readily in 
nitric and acetic acids. SUBOXIDE OF LEAD (Pb, O) is black, mınıum 
(2 PbO, Pb O,) is red, the so-called sEsQUIoxIDE is light brown, the 
BINOXIDE is brown. They are all of them converted into the oxide by 
igenition in the air. The binoxide is not dissolved by heating with 
nitric acid, but it dissolves readily in that menstruum on addition 
of some spirit of wine. The solution contains nitrate of oxide of lead. 

3. The sALTS OF OXIDE OF LEAD are non-volatile; most of them 
are colorless; the neutral soluble salts redden litmus-paper, and are 
decomposed at a red heat. If chloride of lead is ignited in the air, part 
of it volatilizes, and leaves behind a mixture of oxide of lead and 
chloride of lead. 

4. Hydrosulphurie acid and sulphide of ammonium produce black preeci- 
pitates of SULPHIDE OF LEAD (Pb), which are insoluble in coZd dilute 
acids, in alkalies, alkaline sulphides, and cyanide of potassium. Sulphide 
of lead is decomposed by hot nitric acid. If the acid was dilute, the 
whole of the lead is obtained in solution as nitrate of oxide of lead, and 
sulphur separates—if the acid was fuming, the sulphur is also com- 
pletely oxidized, and insoluble sulphate of lead alone is obtained ;—if 
the acid was of medium concentration, both processes take place, a 
portion of the lead being obtained in solution as nitrate of lead, whilst 
the remainder separates as sulphate of lead, together with the un- 
oxidized sulphur. In solutions of salts of lead containing a large 
excess of a concentrated mineral acid, hydrosulphuric acid produces a 
precipitate only after the addition of water or after partial neutralization 
of the free acid by an alkali. If a solution of lead is precipitated by 
hydrosulphuric acid in presence of a large quantity of free hydrochloric 
acid, a red precipitate is occasionally formed, consisting of chloride and 
sulphide of lead, which is however converted by an excess of hydro- 
sulphuric acid into black sulphide of lead. 

5. Potassa, soda, and ammonia throw down BASIC SALTS in the form 
of white precipitates, which are insoluble in ammonia but soluble in 
potassa and soda. In solutions of acetate of lead ammonia (free from 
carbonic acid) does not immediately produce a precipitate, owing to the 
formation of a soluble di- or triacetate of lead. 

6. Carbonate of soda throws down a white precipitate of BAsıc CAR- 
BONATE OF LEAD [e.g., 6[PbO,CO,)+PbO, HO], which is not quite 
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insoluble in a large excess of the precipitant, especially on heating, but 
is insoluble in eyanide of potassium. 

7. Hydrochlorie acid and. soluble chlorides produce in concentrated 
solutions heavy white preeipitates of CHLORIDE OF LEAD (Pb Cl), 
which are soluble in a large amount of water, especially upon applica- 
tion of heat. This chloride of lead is converted by ammonia into basic 
chloride of lead (Pb C1,3 PbO +H O), which is also a white powder, 
but almost absolutely insoluble in water. In dilute nitrie and hydro- 
chlorie acids chloride of lead is more diflicultly soluble than in water. 

8. Sulphuric acid and sulphates produce white precipitates of SUL- 
PHATE OF LEAD (Pb O, 8 O,), which are nearly insoluble in water and 
dilute acids. From dilute solutions, especially from such as contain 
much free acid, the sulphate of lead precipitates only after some time, 
frequently only after a long time. It is advisable to add a considerable 
excess of dilute sulphuric acid, as this tends to increase the delicacy of 
the reaction, sulphate of lead being more insoluble in dilute sulphurie 
acid than in water. The separation of small quantities of sulphate of 
lead is best effected by evaporating, after the addition of the sulphuric 
acid, as far as practicable on the water-bath, and then treating the 
residue with water; or, if allowable, with spirit. Sulphate of lead is 
sliehtly soluble in concentrated nitrie acid; it dissolves with dificulty 
in boiling concentrated hydrochloric acid, but more readily in solution 
of potassa. It dissolves also pretty readily in the solutions of some of 
the salts of ammonia, particularly in solution of acetate of ammonia; 
dilute sulphuric acid precipitates it again from these solutions. 

9, Ohromate of potassa produces a N precipitate of CHROMATE 
or zean (PbO, Cr O,), which is readily soluble in potassa, but difhi- 
eultly so in dilute nitrie acid. 

10. Ifa mixture of a compound of lead with carbonate of soda is exX- 
posed on a charcoal support to the redueing ‚flame of the blompipe, soft 
Mmalleable METALLIC GLOBULES OF LEAD are readily produced, the 
charcoal becoming covered at the same time with a yellow incrustation 
of OXIDE OF LEAD. The reduction may be also readily effected by 
means of the stick of charcoal. 

11. The metallic inerustation obtained according to p. 25, is black 
with brown edge, the inerustation af owide is lieht yellow ochre, the in- 
crustation of iodide varies from the yellow of the lemon to that of the 

rolk of an egg, the inerustatiom of sulphide varies from brownish-red to 
lack, and is not dissolved by sulphide of ammonium (Bunsen). 


s 118. 


Recapitulation and remarks. —The metallic oxides of the first division 
of the fifth group are most distinetly characterized in their correspond- 
ing chlorides ; since the different reactions of these chlorides with water 
and ammonia afford us a simple means both of detecting them and of 
effecting their separation from one another. For if the preeipitate con- 
taining the three metallic chlorides is boiled with a somewhat large 
quantity of water, or boiling water is repeatedly poured over it on the 
filter, the chloride of lead dissolves, whilst the chloride of silver and the 
subchloride of mercury remain undissolved. If these two chlorides are 
then treated with ammonia, the subehloride of mercury is converted 
into the black basic salt, insoluble m an excess of the ammonia, de- 

K2 
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scribed in $ 116, 5, whilst the chloride of silver dissolves readily in the 
ammonia, and precipitates from this solution again upon ad.lition of 
nitric acid. (When operating upon small quantities it is advisable first 
to expel the greater part of the ammonia by heat.) In the aqueous 


solution of chloride of lead the metal may be readily detected by sul- 
phuric acid. 


SECOND DIVISION: OXIDES WHICH ARE NOT PRECIPITATED BY 
HYDROCHLORIC ACID. 


$ 119. 
a. ÖxıDE or Mercury (HgO). 


1. OxıpE OF MERCURY is generally erystalline, and has a bright 
red color, which upon reduction to powder changes to a dull yellowish- 
red; the oxide precipitated from solutions of the nitrate or chloride 
forms a yellow powder. It is not quite insoluble in water, it turns gray 
in the air. Upon exposure to heat it transiently acquires a deeper tint; 
at a dull red heat it is resolved into metallic mercury and oxygen. 
Both the erystalline and non-crystalline oxide dissolve readily in hydro- 
chlorie acid and in nitrie acid. 

2. The sALTs OF OXIDE OF MERCURY volatilize upon ignition ; 
they suffer decomposition in this process ; chloride, bromide, and iodide 
of mercury volatilize unaltered. On boiling a solution of the chloride, 
some of the salt escapes with the steam. Most of the salts are color- 
less. The soluble neutral salts redden litmus-paper. The nitrate and 
sulphate are decomposed by a large quantity of water into soluble acid 
and insoluble basic salts. 

3. Addition of a very small quantity of Aydrosulphurie acid or sul- 
phide of ammonium produces, after shaking, a perfeetly white precipitate. 
Addition of a somewhat larger quantity of these reagents causes the 
precipitate to acquire a yellow, orange, or brownish-red color; an excess 
of the precipitant produces a black preeipitate of SULPHIDE OF MER- 
cury (HgS). This progressive variation of color from white to black, 
which depends on the proportion of the hydrosulphurie acid or sulphide 
of ammonium added, distinguishes the oxide of mercury from all other 
bodies. The white precipitate which forms at first consists of a double 
compound of sulphide of mercury with the still undecomposed portion 
of the salt of oxide of mereury (in a solution of chloride of mercury, for 
instance, Hg C1+2HgS); the gradually increasing admixture of black 
sulplide causes the precipitate to pass through the several gradations 
of color above mentioned. Sulphide of ammonium only dissolves the 
smallest traces of sulphide of mercury ; the least amount of mercury is 
dissolved when the preeipitate is digested in the heat with yellow sul- 
phide of ammonium. Potassa and eyanide of potassium do not dissolve 
the sulphide of mercury, and it is entirely insoluble in hydrochlorie and 
in nitric acid, even on boiling. By the very protracted action of hot 
concentrated nitric acid the precipitate is converted into a white body, 
consisting of 2 HgS+HgO,NO,. Sulphide of potassium and sulphide 
of sodium in the presence of potash or soda dissolve the precipitate 
completely, but it is insoluble in double sulphide of potassium and 
hydrogen, and in double sulphide of sodium and hydrogen. Aqua 
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regia decomposes the precipitate and dissolves it with ease. In solu- 
tions of oxide of mercury containing a large excess of concentrated 
mineral acid, hydrosulphurie acid produces a precipitate only after 
addition of water. 

4. Potassa added in small quantity produces in neutral or slightly 
acid solutions a reddish-brown precipitate, which acquires a yellow tint 
if the reagent is added in excess. T'he reddish-brown preeipitate is a 
BASIC SALT; the yellow preeipitate consists of OXIDE OF MERCURY. 
An excess of the precipitant does not redissolve these precipitates. In 
very acid solutions this reaction does not take place at all, or at least 
the preeipitation is very incomplete. In presence of salts of ammonia 
potassa produces white preeipitates. The preeipitate thrown down by 
potassa from a solution of chloride of mercury containing an excess of 
chloride of ammonium is of analogous composition to the precipitate 
produced by ammonia (see 5). 

5. Ammonia produces white precipitates quite analogous to those 
produced by potassa in presence of chloride of ammonium ; thus, for 
instance, ammonia precipitates from solutions of chloride of mercury a 
CHLORIDE OF DIMERCUR-AMMONIUM (N H,Hg,C]). 

6. Protochloride of tin added in small quantity to solution of chloride 
of mercury, or to solutions of salts of oxide of mercury in presence of 
hydrochlorie acid, throws down SUBCHLORIDE OF MERCURY (2 HgÜl+ 
SnCl=He,Cl+SnCl). By addition of a larger quantity of the 
reagent the precipitated subchloride is reduced to merau (Hg,0l+ 
Sn Cl= Hg, + SnCl,). The precipitate, which was white at first, acquires 
therefore now a gray tint, and may, after it has subsided, be readily 
united into globules of metallic mercury by boiling with hydrochloric 
acid and a little protochloride of tin. 

7. If a little galvanie element, made out of a slip of platinum foil and 
a slip of tinfoil, joined at one end with a wooden clamp and otherwise 
apart from each other, is introduced into a solution of oxide of mercury 
acidified with hydrochlorie acid, all the mercury will gradually be pre- 
cipitated by preference upon the platinum. On removing the foils, 
drying and heating strongly in a glass tube, globules of mercury will 
be obtained, which may be more distinetly seen under the microscope. 
On heating this mercury with a fragment of iodine, it will be converted 
into red iodide of mercury (VAN DEN BRoER). 

8. The salts of oxide of mercury show the same reaction as the salts 
of the suboxide with metallic copper and when heated with carbonate of 
soda in a glass tube. 


$ 120. 
b. OxIDE OF ÜOPPER (CuO). 


1. METALLIC CoPPER has a peculiar red color, and a strong lustre ; 
it is moderately hard, malleable, rather difieultly fusible; in contact 
with water and air it becomes covered with a green crust of basic car- 
bonate of oxide of copper ; upon ignition in the air it becomes coated 
over with suboxide and oxide. In hydrochloric acid and dilute sul- 
phurie acid it is insoluble or nearly so, even upon boiling. Nitrie acid 
dissolves the metal readily. Concentrated sulphurie acid converts it 
into sulphate of oxide of copper, with evolution of sulphurous acid. 

2. SUBOXIDE OF COPPER is red, its hydrate yellow ; both change to 
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0x de upon ienition in the air, On treating the suboxide with dilute 
sulphuric acid metallie copper separates, whilst sulphate of oxide of 
copper dissolves; on treating suboxide of eopper with hydrochloric acid 
white subchloride of copper is formed, which dissolves in an excess of 
the acid, but is reprecipitated from this solution by water. 

3. OXIDE OF COPPER is a black fixed powder; its hydrate 
(CuO,H 0) is of a light blue color. Both the oxide of copper and its 
hydrate dissolve Pe in hydrochloric, sulphuric, and nitric acids. 

4. Most of the neutral SALTS OF OXIDE OF COPPER are soluble in 
water; the soluble salts redden litmus, and suffer decomposition when 
heated to gentle redness, with the exception of the sulphate, which can 
bear a somewhat higher temperature. They are usually white in the 
anhydrous state; the hydrated salts are usually of a blue or green color, 
which their solutions continue to exhibit even when much diluted. 

5. Hydrosulphurie acid and sulphide of ammonium produce in alkaline, 
neutral, and acid solutions brownish-black precipitates of SULPHIDE OF 
COPPER (CuS). This sulphide is insoluble in Klnte acids and caustic 
alkalies. Hot solutions of sulphide of potassium and sulphide of 
sodium fail also to dissolve it or dissolve it only to a very trifling extent; 
but it is a little more soluble in sulphide of ammonium, especially 
when yellow and hot. The latter reagent is therefore not well adapted 
to effect the perfect separation of sulphide of copper from other metallic 
sulphides. Sulphide of copper is readily decomposed and dissolved by 
boiling nitrie acid, but itremains altogether unaffected by boiling dilute 
sulphuric acid. It dissolves completely in solution of cyanide of potas- 
sium. In solutions of salts of copper which contain a very large excess 
of a concentrated mineral acid hydrosulphuric acid produces a precipi- 
tate only after the addition of water. 

6. Potassa or soda produces a light blue bulky precipitate of 
HYDRATE OF OXIDE OF COPPER (Ou O,H 0). If the solution is highly 
concentrated, and the precipitant is added in excess, the precipitate 
turns black after the lapse of some time, and loses its bulkiness, even 
in the cold; but the change takes place immediately if the precipitate 
is boiled with the fluid in which it is suspended (and which must, if 
necessary, be diluted for the purpose). In this process the CuO, HO 
is converted into 3CuO0, HO. 

7. Carbonate of soda produces a greenish-blue precipitate of 
HYDRATED BASIC CARBONATE OF COPPER (Cu0, C0,+Cu0, HO), 
which upon boiling changes to brownish-black hydrate of oxide of 
copper, and dissolves in ammonia to an azure-blue, and in cyanide of 
potassium to a colorless fluid. 

3. Ammonia added in small quantity to solutions of neutral salts 
produces a greenish-blue precipitate, consisting of a BASIC SALT OF 
COPPER. This precipitate redissolves readily upon further addition of 
ammonia to a perfectly clear fluid of a magnificent azure-blue, which 
owes its color to the formation of a BASIC SALT OF AMMONIA AND 
OXIDE OF COPPER. Thus, for instance, in a solution of sulphate of 
oxide of copper ammonia produces a precipitate oe? NH, CuO+N H,O, 
SO,. In solutions containing a certain amount of tree acid ammonia 
produces no precipitate, but this azure-blue coloration makes its appear- 
ance at once the instant the ammonia predominates. 'I'he blue color 
ceases to be perceptible only in very dilute solutions. Potassa produces 
in such blue solutions in the cold, after the lapse of some time, a preci- 
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pitate of blue hydrate of oxide of copper; but upon boiling the fluid 
this reagent precipitates the whole of the copper as black hydrated 
oxide. Carbonate of ammonia shows the same reactions as ammonia. 

N.B. In the presence of non-volatile organic acids the salts of copper 
are not precipitated by caustie or carbonated alkalies, the resulting 
solutions having a deep blue color. In presence of sugar or similar 
organic substances caustic alkalies produce precipitates which are 
soluble in excess of the precipitants; carbonate of soda, however, pro- 
duces a permanent precipitate. 

9. Berroeyanide of potassium produces in moderately dilute solutions 
a reddish-brown precipitate of FERROCYANIDE OF COPPER (Cu,, Cty), 
insoluble in dilute acids, but decomposed by potassa. In very highly 
dilute solutions the reagent merely produces a reddish coloration. 

10. IH the solution of a salt of oxide of copper is mixed with sulphu- 
rous acid or with hydrochloric acid and sulphite of soda, and sulpho- 
cyanide of potassium is then added, the SUBSULPHOCYANIDE OF COPPER 
(Cu,, Cy $,) is thrown down. The preeipitate is white, and is practically 
Sn in water and dilute acids. 

11. Metallie iron when brought into contact with concentrated solu- 
tions of salts of copper is almost immediately covered with a copper-red 
coating of METALLIC COPPER; very dilute solutions produce this 
coating only after some time. Presence of a little free acid accelerates 
the reaction. Ifa Huid containing copper and a little free hydrochlorie 
acid is poured into a platinum capsule (the lid of a platinum erueible), 
and a small piece of zine is introduced, the bright platinum surface 
speedily becomes covered with a COATING OF COPPER, even with very 
dilute solutions this coating is elearly discernible. If a piece of iron 
wire is inserted into a spiral formed from a rather stout platinum wire, 
and the whole is then placed in a slightly acidified solution of copper, 
the platinum wire will after some time be found to be coated with 
COPPER. 

12. Ha mixture of a compound of copper with carbonate of soda is 
exposed on a charcoal support to the inner ‚flame of the blompipe, 
METALLIC COPPER is obtained, without incrustation of the charcoal. 
T'he reduction may be also very conveniently effected in the stick of 
charcoal (p. 24). The best method of freeing the copper from the 
particles of charcoal is to triturate the fused mass in a small mortar with 
water, and to waslı off the charcoal powder, when the copper-red 
metallic particles will be left behind. 

13. If copper, or some alloy containing copper, or & trace of a salt 
of copper, or even simply the loop of a platinum wire dipped in a highly 
dilute copper solution, is introduced into the fusing zone of tbe gas 
‚flame, or exposed to tlıe inner blompipe flame, the upper or outer portion 
of the Hame shows a magnificent emerald-green tint. Addition of 
hydrochlorie acid to the sample considerably heightens the beauty and 
delicacy of this reaction. The flame then has an azure color. 

14. Borax readily dissolves oxide of copper in the outer gas- or 
blowpipe-fame. Tlıe beads are green while hot, blue when cold. In 
the inner fame the bead is colorless unless a very large quantity of 
copper is present; wlıen cold itis red and opaque. In the lower re- 
ducing zone of the Bunsen gas flame the bead does not become reddish- 
brown until the addition of binoxide of tin, when this change rapidly 
takes place, owing to the production of suboxide of copper. If the bead 


136 TEROXIDE OF BISMUTH. [$ 121. 


is introduced alternately into the lower oxidizing zone and the lower 
reducing zone, it becomes ruby red and transparent. 


s 121. 
c. TeroxıpEe or Bısmuru (BiO,). 


1. Bismurn has a reddish tin-white color and moderate metallic 
lustre ; it is of medium hardness, brittle, readily fusible ; fused upon a 
charcoal support it forms an incrustation of yellow teroxide. It dis- 
solves readily in nitrie acid, but is nearly insoluble in hydrochlorie acid 
and altogether so in dilute sulphuric acid. Concentrated sulphuric acid 
converts it into sulphate of teroxide of bismuth, with evolution of sul- 
phurous acid. 

2. The TEROXIDE OF BISMUTH is a yellow powder, which tran- 
siently acquires a deeper tint when heated. It fuses at a red heat. 
Hydrate of teroxide of bismuth is white. Both the teroxide and its 
hydrate dissolve readily in hydrochlorie, sulphurie, and nitric acids. 
The grayish-black BINoxIDE ‘OF BISMUTH and the red BISMUTHIG 
ACID (B1O,) are converted into teroxide by ignition in the air. By 
heating with nitrie acid they are converted into nitrate of teroxide of 
bismuth. 

3. The sSALTS OF TEROXIDE OF BISMUTH are non-volatile ; most of 
them are decomposed at a red heat. Terchloride of bismuth is volatile, 
The salts of teroxide of bismuth are colorless or white ; some of them 
are soluble in water, others insoluble. The soluble salts in the neutral 
state redden litmus paper; they are decomposed by a large quantity of 
water into insoluble basic salts, which separate, whilst the greater 
portion of the acid remains in solution together with some teroxide of 
bismuth. 

4. Hydrosulphurie acid and sulpkide of ammonium produce in neutral 
and acid solutions black preeipitates of TERSULPHIDE oF BISMUTH, 
which are insoluble in dilute acids, alkalies, alkaline sulphides, and 
cyanide of potassium, but are readily decomposed and dissolved by 
boiling nitrie acid. In solutions of salts of bismuth which contain a 
very considerable excess of hydrochlorie or nitrie acid, hydrosulphurie 
acid produces a precipitate only after the addition of water. 

5. Potassa and ammonia throw down HYDRATE OF TEROXIDE OF 
BISMUTH as a white precipitate, which is insoluble in an excess of the 
precipitant. 

6. Carbonate of soda and earbonate of ammonia throw down Basıc 
CARBONATE OF TEROXIDE OF, BISMUTH (Bi0,00,), as a white 
bulky preeipitate, which is insoluble in excess of the precipitant, and 
in cyanide of potassium. Warming assists the precipitation. 

7. Bichromate of potassa precipitates CHROMATE OF TEROXIDE OF 
BISMUTH (BiQO,,2CrO,) as a yellow powder. This substance differs 
from chromate ot lead in being readily soluble in dilute nitrie acid and 
insoluble in potassa. 

8. Dilute sulphurie acid fails to precipitate moderately dilute solutions 
of nitrate of teroxide of bismuth. On evaporating with an excess of 
sulphuric acid on the water-bath to dryness, a white saline mass is left, 
which always dissolves readily to a clear Huid in water acidified with 
sulphuric acid (characteristic ditference between teroxide of bismuth 
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and oxide of lead). After long standing (several days occasionally) 
basic sulphate of teroxide of bismuth (BiO,, SO, + 2 aq.) separates 
from this solution in white microscopie needle-shaped erystals, which 
dissolve in nitrie acid. 

9. The reaction which characterizes the teroxide of bismuth more 
particularly is the decomposition of its neutral salts by water, which is 
attended with separation of insoluble basic salts. The addition of a 
large amount of water to solutions of salts of bismuth causes the imme- 
diate formation of a dazzling white precipitate, provided there be not 
too much free acid present. This reaction is the most sensitive with 
terchloride of bismuth, as the BASIC CHLORIDE OF BISMUTH (BiCl, 
2 Bi O,) is almost absolutely insoluble in water. Where water fails to 
preeipitate nitric acid solutions of bismuth, owing to the presence of too 
much free acid, a precipitate will almost invariably make its appearance 
immediately upon addition of solution of chloride of sodium or chloride 
of ammonium. Presence of tartaric acid does not interfere with the 
precipitation of bismuth by water. 

10. On mixing a solution of bismuth with an .excess of solution of 
protochloride of tin in potassa or soda, a black precipitate of binoxide 
of bismuth will fall. This is a very characteristic and delicate reaction. 

11. Ifa mixture of a compound of bismuth with carbonate gf soda is 
exposed on a charcoal support to the redueing ‚flame, brittle GLOBULES 
OF BISMUTH are obtained, which fly into pieces under the stroke of a 
hammer. The charcoal becomes covered at the same time with a slight 
incerustation Of TEROXIDE OF BISMUTH, which is orange-colored whilst 
hot, yellow when eold. The reduction may be also conveniently effected 
in the stick of charcoal (p. 24). On triturating the end of the charcoal 
stick containing the reduced metal, yellowish spangles will be obtained. 

12. The metallie inerustation, obtained according to p. 25, is black 
with a brown edge. The inerustation af owide is yellowish white; it is 
turned black by protochloride of tin and soda, see 10 (difference from 
the inerustation of oxide of lead). The inerustation of iodide is bluish 
brown with red edge. The inerustation of sulphide is umber-colored 
with coffee colored edge, not dissolved by sulphide of ammonium 
(Bunsen). 


s 122. 
d. OxIDE oF CADMIUm (CdO). 


l. METALLIC CADMIUM has a tin-white color; it is lustrous, not 
very hard, malleable; it fuses at a temperature below red heat, and 
volatilizes at a temperature somewhat above the boiling point of mer- 
cury, and may accordingly easily be sublimed in a glass tube. Heated 
on chareoal before the blowpipe it takes tire and burns, emitting brown 
fumes of oxide of cadmium, which form a coating on the charcoal. 
Hydrochlorie acid and dilute sulphurie acid dissolve it, with evolution 
of'hydrogen; but nitrie acid dissolves it most readily. 

9, OXIDE OF CADMIUM is a brown, fixed powder; its hydrate is 
white. Both the oxide and its hydrate dissolve readily in hydrochloric, 
nitric, and sulphurie acids. 

3. The saLTs OF OXIDE OF CADMIUM are colorless or wliite; some 
of them are soluble in water. The soluble salts in the neutral state 
redden litmus-paper, and are decomposed at a red heat. 
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4. Hydrosulphurie acid and sulphide of ammonium produce in alkaline, 
neutral, and acid solutions, bright yellow preeipitates of sULPHIDE OF 
CADMIUM (ÖdS), which are a, in dilute acids, alkalies, alkaline 
sulphides, and eyanide of potassium (difference from copper). They are 
readily decomposed and dissolved by boiling nitric acid, as well as by 
boiling hydrochloric acid and by allg dilute sulphuric acid (difference 
from copper). In solutions of salts of cadmium containing a large 
excess of acid, hydrosulphuric acid produces a precipitate only after 
dilution with water. 

5. Potassa and soda produce white precipitates of HYDRATE OF 
OXIDE OF CADMIUM (CdAO, HO), which are insoluble in an excess of 
the precipitants. 

6. Ammonia likewise precipitates white HYDRATE OF OXIDE OF 
CADMIUM, which however redissolves readily and completely to a 
colorless fluid in an excess of the precipitant. 

7. Carbonate of soda and carbonate of ammonia produce white pre- 
cipitates Of CARBONATE OF CADMIUM (Cd 0,CO,), which are insoluble 
in an excess of the precipitants. The presence of salts of ammonia im- 
pedes the precipitation; free ammonia prevents it. The precipitate is 
readily soluble in cyanide of potassium. It takes some time to separate 
from dilute solutions ; warming assists the separation greatly. 

8. Sulphocyanide of potassium does not throw down solutions of 
cadmium, even after the addition of sulphurous acid (difference from 
copper). 

9. Ifa mixture of a compound of cadmium with carbonate of soda is 
exposed on a charcoal support to the redueing flame, the charcoal becomes 
covered with a brownish yellow coating of OXIDE OF CADMIUM, owing 
to the instant volatilization of the reduced metal and its subsequent re- 
oxidation in passing through the oxidizing flame. The coating is seen 
most distinctly after cooling. 

10. The metallic inerustation obtained according to p. 25 is black 
with brown edge. The incrustation of owide is brownish black, the edge 
passing from brown to white. The inerustation of iodide is white. The 
inerustation of sulphide is lemon yellow, not dissolved by sulphide of 
ammonium (BUNsEn.) 


8 123. 


Recapitulatim and remarks —The perfect separation of the metallie 
oxides of the second division of the fifth group from suboxide of mercury 
and oxide of silver may, as already stated, be etfected by means of hydro- 
chlorie acid; but this agent fails to separate them completely from 
oxide of lead. Traces of salt of oxide of mercury, which are at first re- 
tained by the preeipitated chloride of silver by surface attraction, are 
dissolved out completely by washing (G. J. MuLver). Tlıe oxide of 
mercury is distinguished from the other oxides of this division by the 
insolubility of the corresponding sulphide in boiling nitric acid. This 
property affords a convenient means for its separation. Only care must 
always be taken to free the sulphides completely by washing from all 
traces of hydrochloric acid or a chloride that may happen to be present, 
before proceeding to boil them with nitrie acid. Moreover, the reac- 
tions with protochloride of tin or with metallic copper, as well as tlıose 
in the dry way, will, after the previous removal of the suboxide, always 
readily indicate the presence of oxide of mercury. When the moist 
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way is chosen, the sulphide of merecury is dissolved most conveniently 
by heating it with hydrochlorie acid and a small erystal of chlorate of 
potassa. 

From the still remaining oxides the oxide of lead is separated by 
addition of sulphuric acid. "The separation is the most complete if the 
tHuid, after addition of dilute sulphuric acid in excess, is evaporated on 
the water-bath, the residue diluted with water, slightly acidified with 
sulphuric acid, and the undissolved sulphate of lead filtered off imme- 
diately. The sulphate of lead may be further examined in the dry way 
by the reaction described in $ 117, 10, or also as follows ‚—— Pour over 
a small portion of the sulphate of lead a little of a solution of chromate 
of potassa, and apply heat, which will convert the white precipitate ınto 
yellow chromate of lead. Wash this, add a little solution of potassa or 
soda, and heat; the precipitate will now dissolve to a clear fluid; by 
acidifying this fluid with acetic acid, a yellow precipitate of chromate of 
lead will again be produced. After the lo the oxides of mercury 
and lead, the teroxide of bismuth may be separated from oxide of copper 
and oxide of cadnium by addition of ammonia in excess, as the latter 
two oxides are soluble in an excess of this agent. If the precipitate, 
after being filtered off, is dissolved in one or two drops of hydrochloric 
acid on a watchglass, and water added, the appearance of a milky tur- 
bidity is a confirmation of the presence of bismuth.— The presence of a 
notable quantity of oxide of copper is revealed by the blue color of the 
ammoniacal solution ; smaller quantities are detected by evaporating 
the ammoniacal solution nearly to dryness, adding a little acetie acid, 
and then ferrocyanide of potassium. The separation of oxide of copper 
from oxide of cadmium may be effected by evaporating the ammoniacal 
solution to a small bulk, acidifying with hydrochlorie acid, adding a 
little sulphurous acid and sulphocyanide of potassium, filtering off the 
subsulphocyanide of copper, and precipitating the cadmium in the 
filtrate by hydrosulphuric acid (an unnecessarily large excess of sul- 
phurous acid must of course be avoided.) The separation of oxide of 
copper from oxide of cadmium may also be effected by acting on the 
sulphides with cyanide of potassium or with boiling dilute sulphuric 
acid (5 parts of water to l part of concentrated arid.) In the two latter 
methods the solution ofthe copper and cadmium is precipitated by hydro- 
sulphuric acid, and the precipitate separated from the fluid by decantation 
or filtration. On treating the precipitate now with some water and a 
small Jump of eyanide of potassium, the sulphide of copper will dissolve, 
leaving the yellow sulphide of cadmium undissolved. By boiling the 
precipitate of the mixed sulphides, on the other hand, with dilute sul- 

hurıe acid, the sulphide of copper remains nndissolved, whilst the 
sulphide of cadmium is obtained in solution. Hydrosulphuric acid will 
therefore now throw down from the filtrate yellow sulphide of cadmium 
(A. W. Hormann). 


Special Reactions of the rarer Oxides of the fifth group. 
g 124. 
a, ProroxıpE or Partanıum (PdO). 


PALLADIUM is found in the metallic state, occasionally alloyed with gold and silver, 
but more particularly in platinum ores. It greatly resembles platinum, but is some- 
what darker in color. It fuses with great difficulty. Heated in the air to dull redness 
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it becomes covered with a blue film: but it recovers its light color and metallic lustre 
upon more intense ignition. Itis sparingly soluble in pure nitrie acid, but dissolves 
somewhat more readily in nitrie acid containing nitrous acid ; it dissolves very sparingly 
in boiling concentrated sulphuric acid, but it is soluble in fusing bisulphate of potassa, 
and readily soluble in nitrohydrochlorie acid. There are three oxides, the suboxide 
(Pd,O), the protoxide, and the binoxide. PROTOXIDE OF PALLADIUM is black, its 
hydrate dark-brown ; both are by intense ignition resolved into oxygen and metallic 
palladium, BinoxIDE OF PALLADIUM is black ; by heating with dilute hydrochlorie 
acid it is dissolved to protochloride, with evolution of chlorine. The saLTs OF 
PROTOXIDE OF PALLADIUM are mostly soluble in water; they are brown or reddish- 
lırown ; their concentrated solutions are reddish-brown, their dilute solutions yellow. 
Water precipitates from a solution of nitrate of protoxide of palladium containing a 
Slight excess of acid a brown basic salt. The oxygen salts, as well as the protochloride, 
are decomposed by ignition, leaving metallic palladium behind. Aydrosulphurie acid 
aud sulphide of anımonium throw down from acid or neutral solutions black proto- 
sulphide of palladium, which does not dissolve in sulphide of ammonium, but is soluble 
in boiling hydrochlorie acid, and readily soluble in nitrohydrochlorie acid. From the 
solution uf the protochloride potassa precipitates a brown basic salt, soluble in an excrs3 
of the preeipitant ; ammonia flesh-colored ammonio-protochloride of palladium (Pd C!, 
N H,) soluble in excess of ammonia to a colorless fluid, from which hydrochlorie acid 
throws down yellow crystalline chloride of palladium-ammonium (N PdH,, Cl). 
Cyanide of mercury throws down yellowish-white protocyanide of palladium as a ge!a- 
tinous precipitate, slightly soluble in hydrochlorie acid, readily soluble in ammonia 
(especially characteristic). Protochloride of tin produces, in absence of free hydro- 
chlorie acid, a brownish-black precipitate; in presence of free hydrochlorie acid, a red- 
colored solution, which speedily turns brown and ultimately green, and upon addition 
of water brownish-red. Sulphate of. protoxide of iron produces a deposit of palladium 
on the sides of the glass. Jodide of potassium precipitates black protiodide of palladium 
(very characteristic). Ohloride of potassium precipitates from highly concentrated 
solutions potassio-protochloride of palladium (K Cl, Pi Ci), in the form of golden-yellow 
needles, which dissolve readily in water to a dark-red fluid, but are insoluble in absolute 
alcohol. Nitrite of putassa produces in not too dilute solutions a yellowish, erystalline 
precipitate which becomes reddish on long standing and is soluble in much water. 
Sulphocyanide of potassium does not preeipitate palladium, even after the addition of 
sulphurous acid (difference from copper, and best means of separating from the same), 
On treatment with carbonate of soda in the upper oxidizing flame (p. 23) all ihe com- 
pounds of palladium yield a gray metallic sponge. 


b. SESQUIOXIDE OF RHODIUM (Ro,0,). 


RHOoDIUM is found in small quantity in platinum ores. It is almost silver white, 
very malleable, and difficultly fusible.. When prepared in the wet way it isa gray 
powder. The powder when ignited in the air absorbs oxygen, which it gives up again 
upon stronger ignition. Rhodium is insoluble in all acids; it dissolves in aqua regia 
only when alloyed with platinum, copper, &c., and not when ailoyed with gold or 
silver. Fusing metaphosphoric acid and fusing bisulphate of potassa dissolve it, 
forming a salt of the sesquioxide. T'here are four oxides: the protoxide, sesquioxide 
(base of the salts), binoxide, and tetroxide (a weak acid). The SkSQUIOXIDE is gray, 
it forms a yellow and a brownish-black hydrate ; it is insoluble in acids, but dissolves 
in fusing metaphosphoric acid and in fusing bisulphate of potassa. The solutions are 
rose-colored. Suiphuretted hydrogen and sulphide of ammonium precipitate in time, 
especially when assisted by heat, a brown sulphıde, which is insoluble in sulphide of 
ammonium, but dissolves in boiling nitrie acid. Z.otassa, if added in not too large 
excess, throws down at once yellow Ro,0,,5H 0, which is soluble in excess of the 
precipitant at the ordinary temperature; on boiling the solution, blackish-brown 
R0,0,3H.0 is precipitated. In a solution of the sesquichloride, potassa at first pro- 
duces no precipitate, but, on addition of alcohol, black Ro,0,3HO0 separates 
soon (CLAaus). Ammonia produces after some time a yellow preeipitate, soluble in 
hydrochlorie acid. Zine precipitates black metallic rhodium. On heating with nitrite 
of potassa, the sesquichloride of rlodium Lecomes yellow, and an orange-yellow preei- 
pitate is formed, which is slightly soluble in water, but readily soluble in hydrochlorie 
acid; at the same time another portion of the rhodium is converted into a yellow salt, 
which remains in solution and is precipitated by alcohol (GıBBs). All solid com- 
pounds of rhodium, on ignition in hydrogen, or on ignition on a platinum wire with 
carbonate of soda in the upper oxidizing flame, yield the metal, which is well charac- 
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terized by its insolubility in aqua regia, its solubility in fusing bisulphate of potassa, 
and the behaviour of its solution to potassa and alcohol. 


c. OXIDES OF OSMIUM. 


Osmtum is found in platinum ores as a native alloy of osmium and iridium. It is 
generally obtained as a black powder, or gray and with metallic lustre ; it is infusible. 
The metal, the PROTOXIDE (OsO), and the BINOXIDE oxidize readily when heated to 
redness in the air, and give osmıc acıp (OsO,), which volatilizes and makes its 
presence speedily known by its peculiar exceedingly irritating and offensive smell, 
resembling that of chlorine and iodine (highly characteristie). Ifa little osmium on a 
strip of platinum foil is held in the outer mantle of a gas or alcohol flame, at half 
height, the flame becomes most strikingly luminous. Even minute traces of osmium 
may by this reaction be detected in alloys of iridium and osmium ; but the reaction is 
in that case only momentary; it may however be reproduced by holding the sample 
first in the redueing flame, then again in the outer mantle. Nitrie acid, more particu- 
larly red fuming nitrie acid, and aqua regia dissolve osmium to osmie acid. Application 
of heat promotes the solution, which is however attended in that case with volatiliza- 
tion of osmic acid. Very intensely ignited osmium is insoluble in acids. It is fused 
with nitrate of potassa, and the fused m ıss distilled with nitric acid ; the osmic acid is 
found in the distillatee By heating osmium in dry chlorine free from air, first bluish- 
black PROTOCHLORIDE is formed, but always only in small quantity. then the more 
volatile and red BICHLORIDE ; if moist chlorine is used, a green mixture of both chlorides 
is formed. The protochloride dissolves with a blue color, the bichloride with a yellow 
color, and both toge.her with a green color, which turns red. The solutions are soon 
deeomposed, osmie acid, hydrochloric acid, and a mixture of protoxide and binoxide, 
being formed, the mixed oxides separating as a black powder. On heating a mixture 
of powder of osımium, or of sulphide of osmium, and chloride of potassium, in chlorine, 
a double salt of BICHLORIDE OF OSMIUM AND CHLORIDE OF POTASSIUM is produced in 
the form of octahedra, which are slightly soluble in water and insoluble in alcohol. 
The solution of this double salt is more permanent than that of the bichloride. 
Potassa decolorizes the solution ; on boiling bluish-black, hydrated binoxide of osmium 
separates. On fusing the double chloride with carbonate of soda, dark gray BINOXIDE 
OF OSMIUM separates. The anhydrous osmie acid has no effect on litmus, and cannot 
form salts. Itis white, erystaliine, fusible at a gentle heat, and boils at about 100°; 
the fumes attack the nose and eyes powerfully. Heated with water, it fuses and 
dissolres, but slowly. The solution has an irritating, unpleasant smell. Alkalies 
color the solution yellow in consequence of the formation of osmite of potassa (KO, 
0s0,); on distilling, the greater part of the osmie aciıl passes over (very characteristic), 
the remainder splits into oxygen and osmious acid, or on boiling into osmie acid, 
binoxide of osmium, and potassa. Osmic acid decolorizes indiyo solution, separates 
iodine from iodide of potassium, converts alcohol into aldehyde and acetic acid. 
Nitrite of potassa readily reduces it to osmite of potassa. Hydrosulphurie acid preci- 
pitates brownish-black sulphide, which only separates when a strong acid is present ; 
the precipitate is insoluble in sulphide of ammonium. Sulphite of soda produces a 
deep violet coloration, and dark-blue sulphite of protoxide of osmium gradually sepa- 
rates, especially on evaporating or warming with sulphate or carbonate of soda. Sul- 
phate of iron produces a black preeipitate of binoxide. Protochloride of tin produces 
a brown preeipitate, soluble in hydrochlorie acid to a brown fluid. Zine and many 
mstals in the presence of a strong acid precipitate metallic osmium. Allthe com- 
pounds of osmium yield the metal on ignition in a current of hydrogen. 


d. OXxIDES OF RUTHENIUM. 


RUTHENIUM is found in smal] quantity in platinum ores. It is a grayish- white 
brittle and very dificultly fusible metal. It is barely acted upon by aqua regia; 
fusing bisulphate of potassa fails altogether to affect it. By ignition in the air it ıs 
converted into bluish-black sesquioxide insoluble in acids ; by ignition with chloride of 
potassium in a current of chlorine gas into potassio-sesquichloride of ruthenium ; by 
fusion with nitrate of potassa, with hydrate of potassa, or with chlorate of potassa, 
into ruthenate of potassa (KO,Ru0,). The fused mass obtained in the latter case 
is greenish-black, and dissolves to an orange-colored fluid, which tinges the skin black, 
from separation of black oxide. Acids throw down from the solution black SESQUIOXIDE, 
which dissolves in hydrochlorie acid to an orange-vyellow fluid. This solution is resolved 
by heat into hydrochlorie acid and brownish-black sesquioxide. In a concentrated 
state it gives with chloride of potassium and chloride of ammonium erystalline glossy- 
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violet preeipitates, which on boiling with water deposit black oxyprotochloride. 
Potassa precipitates black hydrate of sesquioxide of ruthenium, which is insoluble in 
alkalies, but dissoives in acids. Aydrosulphuric acid gas causes at first no alteration ; 
but after some time the fluid acquires an azure-blue tint, and deposits brown sulphide 
of ruthenium (very characteristic). Sulphide of ammonium produces brownish-black 
preeipitates, barely soluble in an excess of the precipitant. Sulphoceyanide of potassium 
produces—in the absence of other metals of the platinum ores—after some time a red 
coloration, which gradually changes to purple-red, and upon heating to a fine violet 
tint (very characteristic). Zine produces at first an azure-blue coloration, which sub- 
sequently disappears, ruthenium being deposited at the same time in the metallic 
state. Nitrite of potassa colors the solution yellow, with the formation of a double 
salt, which is readily soluble in water and alcohol. The alkaline solution of this 
double salt, when mixed with a little colorless sulphide of ammonium, turns crinıson 
(characteristic) ; on the addition of more sulphide of ammonium, sulphide of ruthenium 
is precipitated. 


& 128. 
SIXTH GROUP. 


More common oxides :—TEROXIDE OF GoLD, BINOXIDE OF PLA- 
TInuMm, PROToxIDE OF Tın, BINOXIDE OF Tın, TEROxIDE OF ANTI- 
MONY, ARSENIOUS ACID AND ARSENIC Acıp. 

Rarer "oxides :—Oxides of IrıpIum, MoOLYBDENUM, TUNGSTEN, 
TELLURIUM, SELENIUM. 

The higher oxides of the elements belonging to the sixth group are 
all of them more or less strongly pronounced acids. But we class them 
here with the bases, as they cannot well be separated from the lower 
deorees of oxidation of the same elements, to which they are very 
closely allied in their reactions with hydrosulphuric acid. 

Properties of the group —The sulphides corresponding to the oxides 
of the sixth group are insoluble in dilute acids. These combine with 
alkaline sulphides (either immediately, or with the aid of sulphur) to 
soluble sulphur salts, in which they take the part of the acid. Hydro- 
sulphuric acid precipitates these oxides therefore, like those of the fifth 
group, completely from acidified solutions. The precipitated sulphides 
differ however from those of the fifth group in this, that they dissolve 
in sulphide of ammonium, sulphide of potassium, &e., and are repreci- 
pitated from these solutions by addition of acids. 

We divide the more common oxides of this group into two classes, 
and distinguish, 

1. OxIDES WHOSE CORRESPONDING SULPHIDES ARE INSOLUBLE 
IN HYDROCHLORIC ACID AND IN NITRIC ACID, and are reduced to 
the metallie state upon fusion with nitrate and carbonate of soda:: viz., 
T'EROXIDE OF GOLD and BINOXIDE OF PLATINUM. | 

9. OXIDES WHOSE CORRESPONDING SULPHIDES ARE SOLUBLE IN 
BOILING HYDROCHLORIC ACID OR NITRIC ACID, and are upon fusion 
with nitrate and carbonate of soda converted into oxides or acids: viz., 
[EROXIDE OF ANTIMONY, PROTOXIDE and BINOXIDE OF TIN, ARSE- 


NIOUS and ARSENIC ACIDS. 
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FIRST DIVISION. 
Special Reactions. 
1 
a. Teroxıpe or GorD (Au O,). 


1. MrraLLıc GoLD has a reddish-yellow color and a high metallic 
Iustre: it is rather soft, exceedingly malleable, difieultly fusible : it 
does not oxidize upon ignition in the air, and is insoluble in hydro- 
chloric, nitrie, and sulphurie acids; but it dissolves in fHuids containing 
or evolvine chlorine, e.g., in nitrohydrochlorie acid. "The solution con- 
tains terchloride of gold. 

9. TEROXIDE OF GoLD is a blackish-brown, its HYDRATE a chest- 
nut brown powder. Both are reduced by light and heat, and dissolve 
readily in hydrochlorie acid, but not in dilute oxygen acids. Üoncen- 
trated nitric and sulphuric acids dissolve a little teroxide of gold; 
water reprecipitates it from these solutions. PROTOXIDE OF GOLD 
(AuO) is violet-black; it is decomposed by heat into gold and 
oxygen. 

3, OxYGEN SALTs of gold are practically unknown. The mALoID 
sALTs are yellow, and their solutions continue to exhibit tliis color up 
to a high degree of dilution. The whole of them are readily decom- 
Dr by ignition. Neutral solution of terchloride of gold reddens 

itmus-paper. 

4. Hydrosulphurie acid precipitates from neutral or acid solutions 
the whole of the metal, from old solutions as TERSULPHIDE OF 
GoLD, from boiling solutions as PROTOSULPHIDE OF GOLD (AuS). 
The precipitates are insoluble in hydrochlorie and in nitrie acid, but 
soluble in nitrohydrochlorie acid. They are insoluble in colorless 
sulphide of ammonium, but soluble in yellow sulphide of ammonium, 
and more readily stilk in yellow sulphide of sodium or sulphide of 
potassıum. 

5. Sulphide of ammonium precipitates brownish-black TERSULPHIDE 
oF GoLD, which redissolves in an excess of the precipitant only if the 
latter contains an excess of sulphur. 

6. Ammonia produces, though only in concentrated solutions of gold, 
reddish-yellow precipitates of fulminating gold. The more acid the solu- 
tion and the greater the excess of ammonia added, the more gold remains 
in solution. 

7. Protochloride of tin containing an admixture of Diehloride (which 
may be easily prepared by mixing solution of protochloride of tin with 
a little chlorine-water), produces even in extremely dilute solutions of 
gold, a purple-red precipitate (or coloration at least), which sometimes 
inclines rather to violet or to brownish-red. This preeipitate, which has 
received the name of PURPLE OF CASSIUS, is insoluble in hydrochlorie 
acid. Itis assumed to be a hydrated compound of binoxide of tin and 
Be of gold with protoxide and binoxide of tin (Au O, Sn 0, + 

3n 0,$n 0,+4H 0). ö 

8. Salts of protowide of iron reduce the terchloride of gold in its solu- 
tions, and precipitate METALLIC GOLD in form of a most minutely 
divided brown powder. The fluid in which the precipitate is suspended 
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appears of a blackish-blue color by transmitted light. The dried pre- 
cipitate shows metallic lustre when pressed with the blade of a knitfe. 

9. Nitrite of potassa produces a precipitate of metallic gold. In very 
dilute solutions the fluid at first only appears colored blue, but in time 
the whole of the gold separates. 

10. Potassa or soda adied in excess to terchloride of gold leaves the 
fluid clear, but upon addition of tannie acid metallic gold separates. 
Warming assists the precipitation. 

11. All compounds of gold are reduced in the stick of charcoal 
(p. 24). By triturating the charcoal afterwards, spangles of metal 
will be obtained, which are insoluble in nitric acid, but readily soluble 
in aqua regia. 


s 127. 
b. Bınoxipe or PLarınum (PtO,). 


1. METALLIC PLATINUM has a light steel-gray color; it is very 
lustrous, moderately hard, very difhcultly fusible; it does not oxidize 
upon ienition in the air, and is insoluble in hydrochlorie, nitrie, and 
sulphurie acids. It dissolves in nitrohydrochlorie acid, especially upon 
heating. The solution contains bichloride of platinum. 

2. BINoxIDE OF PLATINUM is a blackish-brown, its HYDRATE a 
reddish-brown powder. Both are reduced by heat; they are both 
readily soluble in hydrochlorie acid, and difficultly soluble in oxygen 
acids. The PROTOXIDE OF PLATINUM (PtO) is black, its hydrate 
brown; they are both by ignition reduced to tlıe metallic state. 

3. The SALTS OF BINOXIDE OF PLATINUM are decomposed at a red 
heat. They are yellow. BicHLoRIDE OF PLATINUM is reddish-brown, 
its solution reddish-yellow, which tint it retains up to a high degree of 
dilution. The solution reddens litmus-paper. Exposure to a very low 
red heat converts bichloride of platinum to protochloride (PtCl); ap- 
plieation of a stronger red heat reduces it to the metallic state. Solu- 
tion of bichloride of platinum containing protochloride hasa deep brown 
color. | 
4. Hydrosulphurie acid throws down from acid and neutral solutions, 
but always only after the lapse of some time, a blackish-brown preeipi- 
tate of BISULPHIDE OF PLATINUM. If the solution is heated after the 
addition of the hydrosulphuric acid the precipitate forms immediately. 
It dissolves in a great excess of alkaline sulphides, more particularly of 
the hieher degrees of sulphuration. Bisulphide of platinum is insoluble 
in hydrochloric acid and in nitrie acid ; but it dissolves in nitrohydro- 
chlorie acid. 

5. Sulphide of ammonium produces the same precipitate ; this redis- 
solves completely, though slowly and with dificulty, in a large excess 
of the preeipitant if the latter contains an excess ol sulphur. Acids re- 
precipitate the bisulphide of platinum unaltered from the reddish-brown 
solution. Br, 

6. Chloride of potassium and chloride of ammonium (and accordingly of 
course also potassa and ammonia in presence of hydrochlorie acid) pro- 
duce in not too highly dilute solutions of bichloride of platinum yellow 
crvstalline precipitates of POTASSIO- and AMMONIO-BICHLORIDE OF 
PLATINUM, which are as insoluble in acids as in water, but are dissolved 
by heating with solution of potassa. From dilute solutions these precipi- 
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tates are obtained by evaporating the Huid mixed with the precipitants 
on the water-bath, and treating the residue with a little water or with 
dilute spirit of wine. Upon ignition ammonio-bichloride of platinum 
leaves spongy platinum behind ; potassio-bichloride leaves platinum 
and chloride of potassium. The decomposition of the latter compound 
is complete only if the ignition is effected in a current of hydrogen gas 
or with addition of some oxalic acid. 

7. Protochloride of tin imparts to solutions containing much free 
hydrochlorie acid an intensely dark brownish-red color, owing to a 
reduction of the bichloride of platinum to protochloride. Butthe reagent 
produces no precipitate in such solutions. 

8. Sulphate of protowide of iron does not precipitate solution of bichlo- 
ride of platinum, except upon very long-continued boiling, in which 
case the platinum ultimately suffers reduction. 

9. On igniting acompound of platinum mixed with carbonate of soda 
on the loop of a platinum wire in the upper owidizing flame, a gray 
spongy mass is obtained, which on trituration in an agate mortar yields 
silvery spangles, insoluble in hydrochloric and nitric acid, but soluble 
in aqua regia. 


s 128. 


Recapitulation and remarks —The reactions of gold and platinum 
enable us, at least partially, to detect those two metals in the presence 
of many other oxides, and more particularly where platinum and gold 
are presentin the same solution. In the latter case the solution is most 
conveniently evaporated to dryness at a gentle heat with chloride of 
ammonium, and the residue treated with dilute spirit of wine, in order 
to obtain the gold in solution and the platinum in the residue. The 
preeipitate will thus give platinum by ignition, and the gold may be 
preeipitated from the solution by sulphate of protoxide of iron, after 
removing the spirit of wine by evaporation. 


SECOND DIVISION. 
Special Reactions. 
s 129. 
a. ProToxıpE or Tın (SnO). 


1. Try has a light grayish-white color and a high metallie lustre ; it 
is soft and malleable; when bent it produces a crackling sound. Heated 
in the air it absorbs oxygen Re is converted into grayish-white 
binoxide; heated on charcoal before the blowpipe it forms a white incrus- 
tation. Concentrated hydrochloric acid ee tin to protochloride, 
with evolution of hydrogen gas; nitrohydrochlorie acid dissolves it, ac- 
cording to circumstances, to bichloride or to a mixture of proto- and 
bichloride. Tin dissolves with difheulty in dilute sulphurie acid ; concen- 
trated sulphuric acid converts it, with the aid of heat, into sulphate 
of binoxide; moderately concentrated nitrie acid oxidizes it readily, 
particularly with the aid of heat; the white binoxide formed (hydrate 
of metastannic acid, Sn O,,2H O) does not redissolve in an excess of the 
acid. 

b» L 
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2. ProToxIDE or TIın is a black or grayish-black powder; its 
hydrate is white. Protoxide oftin is reduced by fusion with eyanide of 
potassium. It is readily soluble in hydrochlorie acid. Nitrie acid 
converts it into hydrate of metastannic acid, which is insoluble in an 
excess of the acid. 

3. The sALTs OF PROTOXIDE OF TIN are colorless; they are de- 
composed by heat. The soluble salts, in the neutral state, redden litmus- 
paper. The salts of protoxide of tin rapidly absorb oxygen from the 
air, and are partially or entirely ee into salts of binoxide. Proto- 
chloride of tin, no matter whether in erystals or in solution, also absorbs 
oxygen from the air, which leads to the formation of insoluble oxy-pro- 
tochloride oftin and bichloride of tin. Hence a solution of protochloride 
of tin becomes speedily turbid if the bottle is often opened and there is 
only little free acid present; and hence it is only quite recently pre- 
pared protochloride of tin which will completely dissolve in water free 
from air, whilst erystals of protochloride of tin that have been kept for 
any time will dissolve to a clear fluid only in water containing hydro- 
chlorie acid. 


PROTOSULPHIDE OF TIN. 

6. Potassa, soda, ammonia, and carbonates of the alkalies produce a white 
bulky precipitate of HYDRATE OF PROTOXIDE OF TIN (Sn 0,HO), 
which redissolves readily in an excess of potassa or soda, but is insoluble 
in an excess of the other precipitants. : If the solution of hydrate of 
protoxide oftin in potassa is briskly evaporated a compound of binoxide 
of tin and potassa is formed, which remains in solution, whilst metallic 
tin precipitates; but upon evaporating slowly erystalline anhydrous 
protoxide of tin separates. 

7. Terchloride of gold produces in solutions of protochloride of tin and 
in solutions of salts of protoxide of tin mixed with hydrochlorie acid a 
precipitate which varies in color between brown, reddish brown, and 
purple-red, according to the presence of more or less bichloride of tin 
and the state of concentration (compare $ 126, 7). In very dilute solu- 
tions a more or less brown or red coloration merely is produced. 

8. Solution of chloride of mereury, added in excess, to solutions of 
protochloride or of protoxide of tin mixed with hydrochlorie acid, pro- 
duces a white preeipitate of SUBCHLORIDE OF MERCURY, owing to 
the protosalt of tin withdrawing from the chloride of mercury half of its 
chlorine. 

9. Ifa fluid containing protoxide or protochloride of tin and hydro- 
chloric acid is added to a mixture of,ferrieyanide of potassium and sesqui- 
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chloride of iron a preeipitate of Prussıan BLUE separates immediately, 
owing to the reduction of the ferrieyanide (Fe, Cfdy) to ferrocyanide 
(Fe,Cfy,). Fe,Cfy* +2 H01+2SnCl=Fe,Cfy, + H,Cfy+28n0], 
This reaction is extremely delicate, but it can be held to be decisive 
only in cases where no other reducing agent is present. 

. 10. Zine precipitates from solutions mixed with hydrochlorie acid 
"METALLIC TIN in the form of gray laminw or of a spongy mass. If 
Io experiment is made in a platinum capsule, the latter is not colored 

ack. 

11. If compounds of protoxide of tin, mixed with carbonate of soda 
and some borax, or better still, with a mixture of equal parts of car- 
bonate of soda and eyanide of potassium, are exposed on a charcoal support 
to the inner blowpipe ‚Hame malleable grains of METALLIC TIN are ob- 
tained. The best way of making quite sure of the real nature of these 
grains is to triturate them and the surrounding parts of charcoal with 
water in a small mortar, pressing heavily upon the mass ; then to wash 
thie charcoal off from the metallic particles. Upon strongly heating the 
grains of metallic tin on a charcoal support the latter becomes covered 
with a coating of white binoxide. The stick of charcoal (p. 24) is also 
admirably adapted for the reduction of tin. 

12. Ifto a borax bead colored slightly blue by copper a trace of a 
compound of tin is added and the bead is heated in the lower redueing 
‚ame of the gas lamp (p. 23), it will become reddish-brown to ruby-red 
in consequence of the reduction of the oxide of copper to suboxide 
(compare $ 120, 14). A compound of tin is essential to this reaction. 


$ 130. 
b. Bınoxıpe or Tın (Sn O,). 


1. BriwnoxıpE oF TIN isa powder varying in color from white to 
straw-yellow, and which upon heating transiently assumes a brown tint. 
It forms two different series of compounds with acids, bases, and water. 
The hydrate precipitated by alkalies from solution of bichloride of tin 
dissolves readily in hydrochlorie acid ; whilst that formed by the action 
of nitric acid upon tin—hydrate of metastannic acidd—remains undis- 
solved. But ifit is boiled for some time with hydrochloric acid it takes 
up acid; if the excess of the acid is ten poured off, and water added, a 
clear solution is obtained. T’he aqueous solution of the common bichlo- 
ride of tin is not precipitated by concentrated hydrochloric acid, whilst 
that acid produces in the aqueous solution of the metastannie chloride a 
wlite precipitate of the latter compound. The solution of the common 
bichloride of tin is not colored yellow by addition of protochloride of 
tin, as is the case in a remarkable degree if the solution contains meta- 
stannie chloride (LöwEntHAL). The dilute solutions of both chlorides 
of tin give upon boiling precipitates of the hydrates corresponding: to 
the chlorides. 

2. The SALTS OF BINOXIDE OF TIN are colorles. The soluble 
salts are decomposed at a red heat; in the neutral state they redden 
litmus-paper. Bichloride of tin is a volatile liquid, strongly fuming in 
the air. 

8. Hydrosulphurie acid throws down from all acid and neutral solu- 


* 2 Fe, Cfdy = Fe, Cfy, ; RE =(,N,Fe,=2Cfy. 
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tions, particularly upon heating, a white floceulent preeipitate if the 
solution of the binoxide is in excess; a dull yellow precipitate if the 
hydrosulphuric acid is in excess. The former may safely be assumed, 
in the case of a solution of bichloride of tin, to consist of a mixture of 
bichloride and bisulphide of tin (it has not however as yet been ana- 
lysed) ; the latter consists of hydrated BISULPHIDE oF In. Alkaline 
solutions are not precipitated by hydrosulphuric acid. Presence of a 
very large quantity of hydrochlorie acid may prevent precipitation. 
The bisulphide of tin dissolves readily in potassa or soda, alkaline sul- 
phides, and concentrated boiling hydrochlorie acid, as also in aqua regia. 
It dissolves with some difieulty in ammonia, is nearly insoluble in car- 
bonate of ammonia, and insoluble in bisulphite of potassa. Concentrated 
nitric acid converts it into insoluble hydrate of metastannic acid. Upon 
deflagrating bisulphide of tin with nitrate and carbonate of soda sul- 
phate of soda and binoxide of tin are obtained. If a solution of bisul- 
em of tin in potassa is boiled with teroxide of bismuth tersulphide of 

ismuth and binoxide of tin are formed, which latter substance remains 
dissolved in the potassa. 

4. Sulphide of ammonium produces the same preeipitate of hydrated 
BISULPHIDE OF TIN; the precipitate redissolves Rn in an excess of 
the precipitant. From this solution acids repreeipitate the bisulphide 
of tin unaltered. 

d. Potassa, soda, and ammonia, carbonate of soda and carbonate of ammo- 
ria produce white precipitates which, according to the nature of the 
solutions, consist of hydrate of binoxide of tin, or of hydrate of meta- 
“ stannic acid. The former readily dissolves in a slight excess of potassa, 
slightly in a large excess; on the other hand it dissolves only after con- 
siderable dilution in a slight excess of soda, and on addition of more 
soda almost all the binoxide separates again. The latter is hardly 
soluble in excess of potassa or soda. 

6. Sulphate af soda or nitrate of ammonia (in fact, most neutral salts 
of the alkalies), when added in excess, throw down from solutions of 
both modifications of binoxide of tin, provided they are not too acid, the 
whole of the tinas HYDRATED BINOXIDE Or HYDRATED METASTANNIG 
AcıD. Heating promotes the preeipitation: Sn Cl,+4(Na0,80,) 
+4H0=Sn0,2H0+2NaCl+2(Na0, H0,28S0,). 

7. Metallie zine precipitates from solutions of bichloride of tin, in the 
presence of free acid, METALLIC TIN in the shape of small gray scales, 
or as aspongy mass. Ifthe operation is conducted in a platinum dish, 
no blackening of the latter is observed (difference between tin and 
antimony). 

8. The compounds of the binoxide of tin show the same reactions 
before the blowpipe or in the gas flame as those of the protoxide. 
Binoxide of tin is also readily reduced when fused with eyanide of potas- 
sium in a glass tube or in a crucible. 


8 131. 
c. TEROXIDE or Antımony (Sb O,). 


1. METALLIC AnTIMmoNY hasa bluish tin-white color and is lustrous; 
it is hard, brittle, readily fusible, volatile at a very high temperature. 
When lhieated on charcoal before the blowpipe it emits thick white 
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fumes of teroxide of antimony, which form a coating on the charcoal ; 
this combustion continues for some time even after the removal of the 
metal from the flame ; it is the most distinetly visible if a current of 
air is directed with the blowpipe direetly upon the sample on the char- 
coal. But if the sample on the support is kept steady, that the fumes 
may ascend straight, the metallic bead becomes surrounded with a net 
of brilliant acicular erystals of teroxide of antimony. Nitrie acid oxidizes 
antimony readily: the dilute acid converts it almost entirely into ter- 
oxide, themore concentrated the acid the more antimonic acid is formed, 
boiling concentrated acid converts it almost completely into antimonic 
acid. Neither of the two oxides is altogether RN in nitrie acid ; 
traces of antimony are therefore always found in the acid fluid filtered 
from the preeipitate. Hydrochloric acid, even boiling, does not attack 
antimony. In nitrohydrochloric acid the metal dissolves readily. The 
solution contains terchloride or pentachloride according to the degree of 
concentration of the acid and the duration of the action. 

2. According to the different modes of its preparation, TEROXIDE OF 
ANTIMONY occurs either in the form of white and brilliant erystalline 
needles, or asa white powder. It fuses at a moderate red heat in a 
closed vessel; when exposed to ahigher temperature it volatilizes with- 
out decomposition. It is almost insoluble in nitric acid, but dissolves 
readily in hydrochloric and tartaric acids. No separation of iodine takes 
place on boiling it with hydrochloric acid (free from chlorine) and iodide 
of potassium (free from iodie acid). Bunsen. Teroxide of antimony is 
easily reduced to the metallic state by fusion with cyanide of potassium. 

3. Antımonıc Aacın (Sb O,) is pale yellow ; its hydrates are white. 
Both the acid and its hydrates redden moist litmus-paper; they are 
only very sparingly soluble in water, and almost insoluble in nitrie acid, 
but dissolve pretty readily in hot concentrated hydrochloric acid : the so- 
lution contains pentachloride of antimony and turns turbid upon addition 
of water. On boiling antimonie acid with hydrochloric acid and iodide 
of potassium iodine separates, which dissolves in the hydriodie acid 
present toa brown fluid (Busen). Upon ignition antimonic acid loses 
oxygen, and is converted into infusible ANTIMONATE OF TEROXIDE OF 
ANTIMONY (Sb O,,Sb 0,). Of the antimonates the potassa and ammonia 
salts are almost the only ones soluble in water : acids preeipitate hydrate 
of antimonie acid from the solutions, chloride of sodium throws down 
from them antimonate of soda ($ 90, 2). 

4. The greater part of the saLTs OF TEROXIDE OF ANTIMONY are 
decomposed upon ignition; the haloid salts volatilize readily and un- 
altered. The soluble neutral salts of antimony redden litmus-paper. 
With a large quantity of water they give insoluble basie salts and acid 
solutions containing teroxide of antimony. Thus, for instance, water 
throws down from solutions of terchloride of antimony in hydrochlorie 
acid a white bulky precipitate of BASIC TERCHLORIDE OF ANTIMONY 
(powder of Algaroth), Sb C1,,5SbO,, which after some time becomes 
heavy and erystalline. Tartarie acid dissolves this preeipitate readily, 
and therefore prevents its formation if mixed with the solution pre- 
viously to the addition of the water. It is by this property that tlıe 
basic terchloride of antimony is distinguished from the basie salts of 
bismuth formed under similar circumstances. 

5. Hydrosulphurie acid precipitates from acid solutions (if the quantity 
of free mineral acid present is not too large), the whole of the metal as 


150 TEROXIDE OF ANTIMONY. [$ 131. 


orange-red amorphous TERSULPHIDE OF ANTIMONY. In alkaline 
solutions this reagent fails to produce a precipitate or, at least, it preci- 
pltates them only imperfectly ; neutral solutions also are only imperfeetly 
thrown down by it. The tersulphide of antimony produced is readily 
dissolved by potassa and by alkaline sulphides, especially if the latter 
contain an excess of sulphur; it is but sparingly soluble in ammonia, 
and, if free from pentasulphide of antimony, almost insoluble in bicar- 
bonate of ammonia. It is insoluble in dilute acids, as also in acid sul- 
phite of potassa. Concentrated boiling hydrochloric acid dissolves it, 
with evolution of hydrosulphuric acid gas. By heating in the air it is 
converted into a mixture of antimonate of teroxide of antimony with 
tersulphide of antimony. By deflagration with nitrate of soda it gives 
sulphate and antimonate of soda. If a potassa solution of tersulphide 
of antimony is boiled with teroxide of bismuth tersulphide of bismuth 
precipitates, and teroxide of antimony dissolved in potassa remains in 
the solution. On fusing tersulphide of antimony with eyanide of potas- 
sium metallic antimony and sulphocyanide of potassium are produced. 
If the operation is conducted iin a small tube expanded into a bulb at 
the lower end, or in a stream of carbonie acid gas (see $ 132, 12), no 
sublimate of antimony is produced. But if a mixture of tersulphide of 
antimony with carbonate of soda or with cyanide of potassium and carbo- 
nate of soda is heated in a glass tube in a stream of hydrogen gas (compare 
$ 132, 4), a mirror of antimony is deposited in the tube, immediately 
behind the spot occupied by the mixture. 

From a solution of antimonic acid in hydrochloric acid sulphuretted 
hydrogen throws down pentasulphide of antimony mixed with tersul- 
phide and sulphur. The preeipitate dissolves readily when heated with 
solution of soda or ammonia, and equally so in concentrated boiling 
hydrochlorice acid, with evolution of hydrosulphuric acid gas and sepa- 
ration of sulphur, but dissolves only very sparingly in cold bicarbonate 
of ammonia. 

6. Sulphide of ammonium produces in solutions of teroxide of antimony 
an orange-red precipitate of TERSULPHIDE OF ANTIMONY, which 
readily redissolves in an excess of the precipitant ifthe latter contains 
an excess of sulphur. Acids throw down from this solution pentasul- 
phide of antimony. However, the orange color appears in that case 
usually of a lighter tint, owing to an admixture of free sulphur. 

7. Potassa, soda, ammonia, carbonate of soda and carbonate of ammonia 
throw down from solutions of terchloride ofantimony, and also of simple 
salts of teroxide of antimony,—but far less completely, and mostly only 
after some time, from solutions of tartar emetic or analogous compounds 
a white bulky precipitate of TEROXIDE OF ANTIMONY, which redis- 
solves pretty readily in an excess of potassa or soda, but requires the 
application of heat for its re-solution in carbonate of soda, and is almost 
insoluble in ammonia. 

8. Metallic zine precipitates from all solutions of teroxide of anti- 
mony, if they contain no free nitric acid, METALLIC ANTIMONY a8 a 
black powder. Ifa few drops of a solution of antimony, containing 
some tree hydrochloric acid, are put into a platinum capsule-(the lid of 
a platinum crucible), and a fragment of zine is introduced, hydrogen 
containing antimonetted hydrogen is evolved and antimony separates, 
staining the part of the platinum covered by the liquid brown or black, 
even in the case of very dilute solutions: this reaction I can recom- 
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mend as being equally delicate and characteristie. Cold hydrochlorie 
acid fails to remove the stain, heating with nitrice acid removes it 
immediately. 

9. Ifa solution of teroxide of antimony in solution of potassa or 
soda is mixed with solution of nitrate of silver, a deep black precipitate 
of SUBOXIDE OF SILVER forms with the grayish-brown preeipitate of 
oxide of silver. Upon now adding ammonia in excess the oxide is re- 
dissolved, whilst the suboxide is left undissolved (H. Rose). The 
formation of the suboxide of silver in this process is explained as 
follows: K0,SbO, +4 Ag O=K0,Sb0, +2 As,0. This exceedingly 
delicate reaction affords more especially also an excellent means of 
detecting teroxide of antimony in presence of antimonie acid. 

10. I a solution of teroxide of antimony is introduced into a flask 
in which hydrogen gas is being evolved from pure zine and diluted sul- 
phurie acid the zine oxidizes not only at the expense of the oxygen of 
the water, but also at the expense of that of the teroxide of antimony. 
Antimony separates accordingly in the metallic state; but a portion of 
the FL combines in the moment of its separation with hydrogen, 
forming ANTIMONETTED HYDROGEN GAS (SbH,). Ifthis operation 
is conducted in a gas-evolution flask, connected by means of a per- 
forated cork with a bent tube ending in a jet,* and the hydrogen pass- 
ing through the jet is ignited after the atmospherie air is completely 
expelled, the flame appears of a bluish-green tint, which is imparted to 
it by the antimony separating and burning in the Hdame. White fumes 
of teroxide of antimony rise from the flame, which eondense readily 
upon cold substances, and are not dissolved by water. But if a cold 
body, such as a porcelain dish (which answers the purpose best), is 
now depressed upon the flame, METALLIC ANTIMONY is deposited upon 
the surface in a state of the most minute division, forming a deep black 
and almost lustreless spot. If the middle part of the tube through 
which the gas is passing is heated to redness the bluish-green tint of the 
Hame decreases in intensity, and a metallie mirror of antimony of 
silvery lustre is formed within the tube on both sides of the heated 
part. 

As the acids of arsenic give under the same circumstances similar 
stains of metallic arsenie, it is always necessary to carefully examine the 
spots produced, in order to ascertain whether they really consist of 
antimony or contain any of that metal. With stains deposited on a 
porcelain dish the object in view is most readily attained by treating 
them with a solution of chloride of soda (a compound of hypochlorite of 
soda with chloride of sodium, prepared bymixing a solution of chloride 
of lime with earbonate of soda in excess, and filtering); which will 
immediately dissolve arsenical stains, leaving those proceeding from 
antimony untouched, or, at least, removing them only after a very pro- 
tracted action. A mirror within the glass tube, on the other hand, 
may be tested by heating it whilst the current of hydrogen gas still 
continues to pass through the tube : if the mirror volatilizes only at a 
higher temperature, and the hydrogen gas then issuing from the tube 
does not smell of garlie; if it is only with a strong current that the 
ignited gas deposits spots on porcelain, and the mirror before volatilizing 

* In accurate experiments it is advisable to use Marsm’s apparatus ($ 132, 10). 
a: employment of a platinum jet the color of the flame will be rendered very 
ıstı1nct, 
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fuses to small lustrous elobules distinctly discernible through a mag- 
nifying glass, —the presence of antimony may be considered certain. 
Or the metals may be distinguished with great certainty by condueting 
through the tube a very slon: stream of dry hydrosulphurie acid gas, and 
heating the mirror, proceeding in an opposite direction to that of the 
current. The antimonial mirror is by this means converted into ter- 
sulphide of antimony, which appears of a more or less reddish-yellow 
color, and almost black when in thick layers. Ifa feeble stream of dry 
hydrochloric acid gas is now transmitted through the glass tube, the 
tersulphide of antimony, if present in thin layers only, disappears imme- 
diately ; if the incrustation is somewhat thicker it takes a short time to 
dissipate it. The reason for this is, that the tersulphide of antimony 
decomposes readily with hydrochlorie acid, and the terchloride of 
antimony formed is exceedingly volatile in a stream of hydrochlorie 
acid gas. Ifthe gaseous current is now conducted into some water the 
presence of antimony in the latter fluid may readily be proved by 
means of een acid. By tlıis combinatıon of reactions 
antimony may be distinguished with positive certainty from all other 
metals. The reaction which hydrogen gas containing antimonetted 
hydrogen shows with solution of nitrate rer and with solid potassa 
will be found in $ 134, 6. 

11. Ifa mixture of acompound of antimony with carbonate af soda 
and cyanide of potassium is exposed on a charcoal support to the redueing 
ame of the blowpipe, brittle globules of METALLIC ANTIMONY are pro- 
duced, which may be readily recognised by the peculiar reactions that 
mark their oxidation (compare$131, 1). 

12. In the upper reducing flame of the gas lamp (p. 23) com- 
pounds of antimony give a greenish-gray color, and no odor. The 
metallic inerustation is black, sometimes dull, sometimes bright. The 
inerustation of oxide is white. When moistened with neutral nitrate of 
silver, and then blown on with ammonia, it gives a black spot of 
antimonate ofsuboxide of silver (Bunsen). 


$ 132. 
d. Arsenious Acıp (AsO,). 


1. METALLIC ARSENIC has a blackish-gray color and high metallic 
lustre, which it retains in dry air, but loses in moist air, becoming 
covered with suboxide ; the metallic arsenic of commerce looks there- 
fore rather dull, with a dim bronze lustre on the planes of erystallization. 
Arsenic is not very hard, but very brittle: ata dull red heat it volatilizes 
without fusion. T'he fumes have a most characteristie odor of garlic, 
which is ascribed to the suboxide of arsenic formed. Heated with free 
access of air arsenic burns—at an intense heat with a bluish Name— 
emitting white fumes of arsenious acid, which condense on cold bodies. 
If arsenic is heated in a glass tube sealed at the lower end the greater 
part of it volatilizes unoxıdized, and recondenses above the heated spot 
as a lustrous black sublimate (arsenical mirror); a very thin coating of 
the sublimate appears of a brownish-black color. In contact with air 
and water arsenic oxidizes slowly to arsenious acid. Weak nitrie acid 
converts it, with the aid of heat, into arsenious acid, which dissolves 
only sparingly in an excess of the acid; strong nitric acid converts it 
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partially into arsenie acid. It is insoluble in hydrochlorie acid and 
dilute sulphurie acid; concentrated boiling sulphurie acid oxidizes it to 
arsenious acid, wit evolution of sulphurous acid. 

2. ARSENIOUS AcıD generally presents the appearance either of a 
transparent vitreous or of a white porcelain-like mass. By trituration 
it gives a heavy, white, gritty powder. When heated it volatilizes in 
white inodorous fumes. If the operation is conducted in a glass tube a 
sublimate is obtained consisting of small brilliant oetahedrons and tetra- 
hedrons. Arsenious acid is only difficultly moistened by water; 16 
comports itself in this respect like a fatty substance. F’is sparingly 
soluble in cold, but more readily in hot water. It is copiously dissolved 
by hydrochlorie acid, as well as by solution of soda and potassa. Upon 
boiling with nitrohydrochlorie acid it dissolves to arsenic acid. It is 
highly Bee 

3. The ARSENTTES are mostly decomposed upon ignition either into 
arsenates and metallic arsenic, which volatilizes, or into arsenious acid 
and the base with which it was combined. Of the arsenites those only 
with alkaline bases are soluble in water. The insoluble arsenites 
are dissolved, or at least decomposed, by hydrochloric acid. Anhydrous 
terchloride of arsenie is a colorless oa e liquid, fuming in the air, 
which will bear the addition of a little water, but is decomposed by a 
larger amount into arsenious acid, which partly separates, and hydro- 
chlorie acid, which retains the rest of the arsenious acid in solution. If 
a solution of arsenious acid in hydrochloric acid is evaporated by heat, 
chloride of arsenic escapes along with the hydrochlorie acid. 

4. Hydrosulphurie acid colors aqueous solutions of arsenious acid 
yellow, but produces no precipitate in them ; it fails equally to precipi- 
tate aqueous solutions of neutral arsenites of the alkalies; but upon 
addition of a strong acid a bright yellow preeipitate of TERSULPHIDE 
OF ARSENTO forms at once. The same precipitate forms in like manner 
in the hydrochlorie acid solution of arsenites insoluble in water. Even 
a large excess of hydrochlorie acid does not prevent complete preci- 
pitation. Alkaline solutions are not preeipitated. The preeipitate is 
readily and completely dissolved by alkalies, alkaline carbonates and 
bicarbonates, and also by alkaline sulphides; but it is nearly insoluble 
in hydrochloric acid, even though concentrated and boiling. Boiling 
nitric acid decomposes and dissolves the precipitate readily. 

If recently precipitated tersulphide of arsenie is digested with sul- 
phurous acid and acid sulphite of potassa the precipitate is dissolved; 
upon heating the solution to boiling the Auid turns turbid, owing to the 
separation of sulphur, which upon continued boiling is for the greater 
part redissolved. The fluid contains, after expulsion of the sulphurous 
acid, arsenite and hyposulphite of potassa: 2 As S,+8(K 0,25 0,)= 
2(K0,As0,)+6(K0,8,0,)+8,+780, (Bunsen). 

The deflagration of tersulphide of arsenie with carbonate and nitrate 
of soda gives rise to the formation of arsenate and sulphate of soda. If 
a solution of tersulphide of arsenic in potassa is boiled with hydrated 
carbonate or basie nitrate of teroxide of bismuth tersulphide of bismuth 
and arsenite of potassa are produced. 

If a mixture of tersulphide of arsenic with from 3 to 4 parts of car- 
bonate of soda, made into a paste with some water, is spread over small 
glass splinters, and these, after being well dried, are rapidly heated to 
redness in a glass tube through which dry hydrogen gas is transmitted, 
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a large portion of the arsenic present is reduced to the metallic state 
and expelled if the temperature applied is sufficiently high. Part of the 
reduced arsenie forms a metallic mirror in the tube, the remainder is 
carried away suspended in the hydrogen gas; the minute particles of 
arsenic impart a ISA tint to the fHlame when the gas is kindled, and 
form stains of arsenic upon the surface of a porcelain dish depressed 
upon the flame. The fusion of the mixture of tersulphide of arsenic 
with carbonate of soda first gives rise to the formation of a double ter- 
sulphide of arsenie and sulphide of sodium, and of arsenite of soda 
[? As8,+4(Na0,C0,)=3Na8,AsS,+Na0,As0,+400,]. Upon 
heating these products the arsenite of soda is resolved into arsenie and 
arsenate of soda (d AsO,=2As+3As0O,), and the tersulphide of arsenie 
and sulphide of sodium into arsenic and pentasulphide of arsenic and 
sulphide of sodium (5 AsS,=2As+3AsS,); and by the action of the 
hydrogen the arsenate of soda is also converted into hydrate of soda, 
arsenic, and water. The whole of the arsenic is accordingly expelled, 
except that portion of the metal which constitutes a component part of 
the double pentasulphide of arsenic and sulphide of sodium formed in 
the process, a sulphur salt which is not decomposed by hydrogen 
(H. Rose). This method of reduction gives indeed very accurate 
results, but it does not enable us to distinguish arsenic from antimony 
with a suflicient degree of certainty, nor to detect arsenic in presence 
of antimony. (Compare $ 131, 5.) The operation is condueted in the 
apparatus illustrated by fig. 36. a is the evolution flask, d a tube con- 





taining chloride of caleium, e the tube in which, at the point d, the 
glass splinter with the mixture is placed; this tube is made of difhicultly 
fusible glass free from lead. When the apparatus is completely filled 
with hydrogen d is exposed to a very gentle heat at first, in order to 
expel all the moisture which may still be present, and then suddenly to 
a very intense heat,* to prevent the sublimation of undecomposed ter- 
sulphide of arsenic. The metallic mirror is deposited near the point e. 
— Another method of effecting the reduction of tersulphide of arsenie to 
the metallic state, which combines with the very highest degree of 
delicacy the advantage of precluding the possibility of confounding 
arsenic with antimony, will be found described in 12 (p. 158). 


* The flame of the gas-lamp with chimney, or of the blowpipe, answers the purpose 
best. 
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5. Sulphide of ammonium also causes the formation of TERSULPHIDE 
OF ARSENIC. In neutral and alkaline solutions, however, the tersul- 
phide does not preeipitate, but remains dissolved as a double sulphide 
of arsenic and ammonium. From this solution it preeipitates imme- 
diately upon tie addition of a free acid. 

6. Nitrate of silver leaves aqueous solutions of arsenious acid per- 
fectly clear, or at least produces only a tritling yellowish-white turbidity 
in them; but if a little ammonia is added a yellow precipitate of 
ARSENITE OF SILVER (3 Ag O, AsO,) separates. The same precipitate 
forms of course immediately upon the addition of nitrate of silver to the 
solution of a neutral arsenite. The preeipitate dissolves readily in 
nitrie acid as well as in ammonia, and is not insoluble in nitrate of 
ammonia; if therefore a small quantity of the preeipitate is dissolved 
in a large amount of nitric acid, and the latter is afterwards neutralized 
with ammonia, the precipitate does not make its appearance again, as 
it remains dissolved in te nitrate of ammonia formed. If an ammo- 
niacal solution of arsenite of silver is heated to boiling, METALLIC 
SILVER separates, the arsenious acid being converted into arsenic acid. 

7. Sulphate of copper produces under the same eircumstances as the 
nitrate of silver a yellowish-green precipitate of ARSENITE OF COPPER. 

8. Ifto a solution of arsenious acid in an excess of solution of soda 
or potassa, or to a solution of an alkaline arsenite mixed with potassa 
or soda, a few drops of a dilute solution of sulphate of copper are added, 
a clear blue fluid is obtained, which upon boiling: deposits a red preci- 
pitate of SUBOXIDE OF COPPER, leaving arsenate of potassa in solution. 
This reaction is exceedingly delicate, provided not too much of the 
solution of sulphate of copper be used. Even should the red precipitate 
be so exceedingly minute as to escape detection on looking across the 
tube, yet it will always be discernible with great distinetness upon look- 
ing down the test-tube. Of course this reaction, although really of 
great importance in certain instances as a confirmatory proof of the 
presence of arsenious acid, and more particularly also as a means of 
distinguishing that acid from arsenic acid, is yet entirely inapplicable 
for the direct detection of arsenic, since grape sugar and other organic 
substances also produce suboxide of copper from salts of oxide of copper 
in the same manner. 

9. If a solution of arsenious acid mixed with hydrochlorie acid is. 
heated with a perfectly clean slip of copper or copper wire, an iron-gray 
metallic film is deposited on the copper, even in highly dilute solutions ; 
when this film increases in thickness it peels off in black scales. If the 
coated copper, after washing off the free acid, is heated with solution 
of ammonia the film peels off from the copper, and separates in form of 
minute spangles (Reınsch). Let it be borne in mind that these are 
not pure arsenie, but consist of an ARSENIDE OF COPPER (ÜUu,As). If 
the substance, either simply dried or oxidized by ignition in a current 
of air (which is attended with escape of some arsenious acid), is heated 
in a current of hydrogen, there escapes relatively but little arseniec, 
alloys richer in copper being left behind (FRESENIUS, Lippert). It 
is only after the presence of arsenie in the alloy has been fully demon- 
strated that this reaction can be considered a deeisive proof of the pre- 
sence of that metal, as antimony and other metals will under the same 
eircumstances also preeipitate in a similar manner upon copper. 

10. Han acid or neutral solution of arsenious acid or any of its 
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compounds is mixed with zine, water, and dilute sulphurie acid ARSE- 
NETTED HYDROGEN (AsH,) is formed, in the same manner as com- 
pounds of antimony give under analogous circumstances antimonetted 
hydrogen. (Compare $ 131, 10.) This reaction affords us a most 
delicate test for the detection of even the most minute quantities of 
arsenic. The operation is conducted in the apparatus illustrated by 
fig. 37, or in one of similar construction.* a is the evolution ask, db a 
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bulb intended to receive the water carried with the gaseous current, e 
a tube filled with cotton wool and small lumps of chloride of caleium 
for drying the gas. This tube is connected with d and 4 by india-rubber 
tubes which have been boiled in solution of soda; d should have an 
inner diameter of 7 mm. (fig. 38), and must be made of 
difheultly fusible glass free from lead. In experiments re- 
quiring great accuracy the tube should be drawn out as shown 
in fig. 37. The operation is now commenced by evolving in a 
a moderate and uniform current of hydrogen gas, from pure 
granulated zine and pure sulphurie acid diluted with 3 parts 
of water. Addition of a few drops of bichloride of platinum 
will be found useful. When the evolution of hydrogen has pro- 
ceeded for some time, so that it may safely be concluded the air has 
been completely expelled from the apparatus, the gas is kindled at the 
open end of the tube d. It is advisable to wrap a piece of cloth round 
the flask before kindling the gas, to guard against accidents in case of 
an explosion. It is now absolutely necessary first to ascertain whether 
the zine and the sulphurie acid are quite free from any admixture of 
arsenic. This is done by depressing a porcelain dish horizontally upon 
the flame to make it spread over the surface : if the hydrogen contains 
arsenetted hydrogen brownish or brownish-black stains of arsenic will 





Fig. 38. 


* I use the very convenient form of MARsH’s apparatus recommended by Otto in 
his excellent Lehrbuch der Chemie. 
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appear on the porcelain; tie non-appearance of such stains may be 
considered as a proof of the freedom of the zine and sulphuric acid from 
arsenic. In very accurate experiments, however, additional evidence is 
required to ensure the positive certainty of the purity of the reagents 
employed ; for this purpose the part of the tube d shown in fig. 37 over 
the tHame is heated to redness with a Berzelius or gas-lamp, and kept 
some time in a state of ignition: if no arsenical coating makes its 
appearance in the narrowed part of the tube the agents employed may 
be pronounced free from arsenic, and the operation proceeded with, by 
pouring the fluid to be tested for arsenic through the funnel tube into 
the Hask, and afterwards some water to rinse the tube. Onlya very 
little of the fluid ought to be poured in at first, as in cases where the 
quantity of arsenic present is considerable, and a somewhat large supply 
of the Auid is poured into the flask, the evolution of gas often proceeds 
with such violence as to stop the further progress of the experiment. 

Now if the fluid contains an oxygen compound of arsenie or arsenic 
in combination with a salt radical, there is immediately evolved, along 
with the hydrogen, arsenetted hydrogen, which at once imparts a bluish 
tint to the Hame of the kindled gas, owing to the combustion of the 
particles of arsenic separating from the arsenetted hydrogen. At the 
same time white fumes of arsenious acid arise, which condense upon cold 
objects. Ifa porcelain plate is now depressed upon the fame the sepa- 
rated and not yet reoxidized arsenie condenses upon the plate in black 
stains, in a similar manner to antimony. (See $ 131,10.) The stains 
formed by arsenic incline, however, more to a blackish-brown tint, and 
show a bright metallic lustre ; whilst the antimonial stains are of a deep 
black color and but feebly lustrous. The arsenical stains may be dis- 
tinguished moreover from the antimonial stains by solution of chloride of 
soda—hypochlorite of soda with chloride of sodium—(compare $ 131, 10), 
which will at once dissolve arsenical stains, leaving antimonial stains 
unaffected, or removing them only after a considerable time. 

If the heat of a Berzelius or gas-lamp is now applied to the part of 
the tube d shown in fig. 37 over the flame, a brilliant arsenical mirror 
makes its appearance in the narrowed portion of the tube behind the 
heated part; this mirror is of a darker and less silvery-white hue than 
that produced by antimon under similar circumstances ; from which it 
is moreover distinguished by the faeility with which it may be dissipated 
in a current of hydrogen gas without previous fusion, and by the charac- 
teristic odor of garlie emitted by the escaping (unkindled) gas. If the 
gas is kindled whilst the mirror in the tube is being heated the flame 
will, even with a very slight current of gas, deposit arsenical stains on a 
porcelain plate. 

The reactions and properties just described are amply suflicient to 
enable us to distinguish between arsenical and antimonial stains and 
mirrors; but they will often fail to detect arsenic with positive certainty 
in presence of antimony. In cases of this kind the following process 
will serve to set at rest all possible doubt as to the presence or absence 
of arsenie :— 

Heat the long tube through which the gas to be tested is passing to 
redness in several parts, to produce distinct metallic mirrors ; then 
transmit through the tube a very weak stream of dry hydrosulphuric 
acid gas, and heat the metallie mirrors proceeding from the outer to- 
wards the inner border. If arsenic alone is present yellow tersulphide 
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of arsenie is formed inside the tube; if antimony alone is present an 
orange-red or black tersulphide of antimony is produced; and if the 
mirror consisted of both metals the two sulphides appear side by side, 
the sulphide of arsenic as the more volatile lying invariably before the 
sulphide of antimony. If you now transmit through the tube contain- 
ine the sulphide of arsenic or the sulphide of antimony, or both sul- 
phides together, dry hydrochloric gas, without applying heat, no altera- 
tion will take place if sulphide of arsenic alone is present, even though 
the gas be transmitted (hrough the tube for a considerable time. If 
sulphide of antimony alone is present this will entirely disappear, as 
already stated, $ 131, 10, and if both sulphides are present the sulphide 
of antimony will immediately volatilize, whilst the yellow sulphide of 
arsenic will remain. Ifa small quantity of ammonia is now drawn into 
the tube the sulphide of arsenic is dissolved, and may thus be readily dis- 
tinguished from sulphur which may have separated. My personal ex- 
perience has convinced me of the infallibility ofthese combined tests for 
the detection of arsenic. 

The reaction of hydrogen containing arsenetted hydrogen with solu- 
tion of nitrate ofsilver will be found in $ 134, 6. 

MarsnH was the first who suggested the method of detecting arsenic 
by the production of arsenetted hydrogen. 

11. Ifa small lump of arsenious acid (a) be introduced into the 
pointed end of a drawn-out glass tube (fig. 39), a fragment of quite 





Fig. 39. 


recently burnt charcoal (D) pushed down the tube to within a short 
distance of the arsenious acid, and first the charcoal then the 
arsenious acid heated to redness, aMIRROR OF METALLIC ARSENIC will 
form at e, owing to the reduction of the arsenious acid vapour by the 
red-hot charcoal. Ifthe tube be now cut between b and c and then 
heated in an inclined position, with the cut end ec turned upwards, 
the metallic mirror will volatilize, emitting the characteristic odor of 
garlic. This is both the simplest and safest way of detecting pure 
arsenious acid. 

12. If arsenites, or arsenious acid, or tersulphide of arsenic are fused 
with a mixture of equal parts of dry carbonate of soda and cyanide of 
potassium the whole of the arsenie is reduced to the metallic state, and 
so is the base also, if easily reducible; the eliminated oxygen convert- 
ing part of the cyanide of potassium into cyanate of potassa. In the 
reduction of tersulphide of arsenic sulphocyanide of potassium is formed. 
The operation is conducted as follows :—Introduce the perfectly dry 
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arsenical compound into the bulb of a small bulb-tube (fig. 40), and 
cover it with six times the quantity of a perfeetly dry mixture of equal 
parts of carbonate of'soda and of cyanide ofpotassium. The whole quan- 





Fig. 40. 


tity must not much more than half-fill the bulb, otherwise the fusing 
cyanide of potassium is likely to ascend into the tube. Heat the bulb 
now gently; should some water still escape, wipe the inside of the tube 
perfectly ie with a twisted slip of blotting paper. Itis of the highest 
importance for the success of the experiment to bestow great care upon 
expelling the water, drying the mixture, and wiping the tube clean and 
dry. Apply now a strong heat to the bulb, to effect the reduction of 
the arsenical compound, and continue this for some time, as the arsenic 
often requires some time for its complete sublimation. The mirror 
which is deposited at d is of exceeding purity. It is obtained from all 
arsenites whose bases remain either altogether unaffected, or are reduced 
to such metallic arsenides as lose their arsenic partly or totally upon the 
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simple application of heat. This method deserves to be particularly 
recommended on account of its simplieity and neatness, as well as for. 
the accuraey of the results attainable by it, even in cases where only 
very minute quantities of arsenic are present. It is more especially 
adapted for the direct production of arsenie from tersulphide of arseniec, 
and is in this respect superior in simplicity and accuracy to all other 
methods hitherto suggested. The delicacy of the reaction may be very 
much heightened by heating the mixture in a stream of dry carbonie 
acid gäs. A series of experiments made by L. v. BaBo and myself'has 
shown that the most accurate and satisfactory results are obtained in the 
following manner. Figs. 41 and 42 show the apparatus in which the 
process is conducted. «4 isa bottle for the evolution of carbonie acid. 
At the bottom is a layer of plaster of Paris. While the plaster is 
setting the bottle should be placed in a slanting position, so that the 
surface of the plaster may slope towards d; and before the plaster is quite 
hard a conical hole should be scooped out of itatd. On the plaster 
bottom lumps of marble are placed. D is firmly fixed on a by means of 
two perforated india-rubber stoppers, or preferably by means of one long 
stopper tapering from the middle towards both ends. Dis connecte 

with a by the glass tube e, which is provided with the arrangement re- 
presented at ‚/ constructed of glass tubes of as large bore as possible. 

To the glass tube y is attached a short piece of india-rubber tube which 
reaches into the cavity in the bottom of the bottle. Water and kydro- 
chloric acid are poured in through %, which is afterwards closed by a 
stopper containing a glasstube. On opening ö the acid passes into the 
evolution bottle and the carbonic acid begins to be formed. On closing 
i tie pressure of carbonic acid drives the hydrochloric acid back into D, 
and the evolution ceases. The carbonic acid is dried in %k, which con- 
tains concentrated sulphuric acid. It then passes into the reducing tube 





Fig. 42. 


m, which is represented in fig. 42 half its real size; it should have a 
bore of 8 mm. | 
When the apparatus is full of carbonie acid triturate the perfect] 
dry sulphide of arsenie or arsenite in a slightly heated mortar wit 
about twelve parts of a well-dried mixture consisting of three parts of 
carbonate of soda and one part of cyanide of potassinm. The mixture 
must of course be quite free from arsenie ($ 40). Put the powder upon 
a narrow slip of card paper, bent into the shape of a gutter, and push 
this into the reduction-tube down to e; turn the tube now half-wa 
round its axis, which will cause the mixture to drop into the tube be- 
tween e and d, every other part remaining perfectly clean. Connect the - 
tube now with the gas-evolution apparatus, and pass through it a 
moderate stream of carbonie aeid. Heat the tube in its whole length 
very gently until the mixture in it is quite dry. When every trace of 
water is expelled, reduce the gas stream so that the single bubbles pass 
through the sulphuric acid at intervals of one second, and heat the re- 
duction tube to redness at ce (fig. 42). When e is red-hot, apply the 
flame of.a second lamp to the mixture, proceeding from d to e, until the 
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whole of the arsenie is expelled. The far greater portion of the volati- 
lized arsenic recondenses at A, whilst a small portion only escapes through 
i, imparting to the air a garlic odor. Advance the flame of the second 
lamp slowly and gradually up to c, by which means the whole of the 
arsenic which may have condensed in the wide part of the tube is driven 
to A. When you have effected this, close the tube at the point i by 
fusion, and apply heat, proceeding from i towards 7, by which means the 
extent of the mirror is narrowed, whilst its beauty and lustre are corre- 
spondingly increased. In this manner perfeetly distinet mirrors of 
arsenic may be produced from -0002 grm. of tersulphide of arsenie.* No 
mirrors are obtained by this process from tersulphide of antimony, or 
from any other compound of antimony. 

13. If arsenious acid or one of its compounds is exposed on charcoal 
to the redueing ‚fame of the blompipe a highly characteristic garlic odor 
is emitted, more especially if some carbonate of soda is added. This 
odor has its origin in the reduction and re-oxidation of the arsenie, and 
enables us to detect very minute quantities. This test, however, like 
all others that are based upon the mere indications of the sense of smell, 
cannot be implieitly relied on. 
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1. Hydrated arsenic acid erystallizes in clear prisms of the formula 
2(3H 0, AsO,)+aq., which deliquesce in the air. The water of 
erystallization escapes at 100° ; at a higher temperature the water of 
hydration escapes and the acid fuses. On strong ignition it splits into 
oxygen and arsenious acid. The anhydrous acid dissolves but slowly 
in water. Arsenic acid is poisonous. 

2. Most of the ARSENATES are insoluble in water. Of the so-called 
neutral arsenates those with alkaline bases alone are soluble in water. 
Most of the neutral and basic arsenates can bear a strong red heat 
without suffering decomposition. The acid arsenates lose their excess 
of acid upon ignition, which passes off in the form of arsenious acid and 
oxygen. A solution of arsenic acid or of an arsenate in hydrochlorie 
acid may be boiled for a long time without losing chloride of arsenic, 
provided too much hydrochlorie acid is not present. But when the 
residual fluid contains about half its volume of hydrochlorie acid of 
specific gravity 1'12, traces of terchloride of arsenic begin to escape with 
the hydrochlorie acid. 

3. Hydrosulphurie acid fails to precipitate alkaline and neutral solu- 
tions; but in acidified solutions it causes first reduction of the arsenie 
acid to arsenious acid, with separation of sulphur, then precipitation of 
tersulphide of arsenie. This process continues until the whole of the 
arsenic is thrown down as As S,, mixed with 28 (WACKENRODER, 
Lupwıs, H. Rose). The action never takes place immediately, and 
in dilute solutions frequently only after the lapse of a considerable time 
(twelve to twenty-four hours, for instance). Heating (to about 70°) 
greatly accelerates the action. Ifa solution of arsenic acid, or of an 
arsenate, is mixed with sulphurous acid, or with sulphite of soda and 
some hydrochlorie acid, the sulphurous acid is converted into sulphurie 
acid, and t!fe arsenic acid reduced to arsenious acid ; application of heat 
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promotes the change. If hydrosulphurie acid is now added, the whole 
of the arsenie is immediately thrown down as tersulphide. 

4. Sulphide of ammonium converts the arsenic acid in neutral and 
alkaline solutions of arsenates into pentasulphide of arsenic, which 
remains in solution as a salt of pentasulphide of arsenic and sulphide of 
ammonium. Upon the addition of an acid to the solution this salt is 
decomposed, and pentasulphide of arsenie precipitates. The separation 
of this precipitate proceeds more rapidly than is the case when acid solu- 
tions of arsenates are preeipitated with hydrosulphurie acid. It is pro- 
moted by heat. The precipitate formed is As S,, and not a mixture of 
AsS, with S,. 

5. Nitrate of silver produces under the eircumstances stated $ 132, 6, 
a highly characteristic reddish-brown precipitate of ARSENATE OF SILVER 
(3 AgÖ, AsO,), which is readily soluble in dilute nitrie acid and in 
ammonia, and dissolves also slightly in nitrate of ammonia. Accord- 
inely, if a little of the preeipitate is dissolved in a large proportion of 
nitric acid, neutralization with ammonia often fails to reproduce the pre- 
eipitate. The ammoniacal solution of arsenate of silver does not deposit 
silver upon boiling (difference between arsenic and arsenious acids). 

6. Sulphate of copper produces under the circumstances stated $ 132, 
Ri > ee preeipitate of ARSENATE OF COPPER (2 CuO, HO, 

s0,). 

7. Ifa dilute solution of arsenie acid mixed with some hydrochlorie 
acid is heated with a clean slip of copper the metal remains perfectly 
clean (WERTHER, Reınsch); but ifto one volume of the solution two 
volumes of concentrated hydrochloric acid are added, a gray film is 
deposited on the copper, as in the case of arsenious acid. The reaction 
is under these circumstances equally delicate as with arsenious acid 
(REınsch). 

8. With zine in presence of sulphurie acid, with eyanide of potassium, 
and before the Dlompipe, the compounds of arsenic acid comport them- 
selves in the same way as those of arsenious acid. If the reduction of 
arsenic acid by zinc is effeeted in a platinum capsule, the platinum does 
not turn black (difference from antimony). 

9. Ifa solution of arsenic acid, or of an arsenate soluble in water, 
is added to a clear mixture of sulphate of magnesia, chloride of ammonium, 
and a suflicient quantity of ammonia, a crystalline precipitate of 
ARSENATE OF AMMONIA AND MAGNESIA (2 M&O,N H,O, AsO, + 12aq.) 
separates ; from concentrated solutions immediately, from dilute solu- 
tions after some time. If a small portion of the preeipitate is dissolved 
on a watch-glass in a drop of nitrie acid, a little nitrate of silver added, 
and the solution touched with a glass rod dipped in ammonia, brownish- 
red arsenate of silver is formed. Or if a small portion ofthe preeipitate 
is dissolved in hydrochlorie acid and hydrosulphuric acid is passed into 
the solution with warming, a yellow precipitate isformed. (Differences 
between arsenate and phosphate of magnesia and ammonia.) 


& 134. 


Recapitulation and remarks.—I will here describe first the different 
ways adapted to effect the detection or separation of tin, antimony, 
and arsenic, when present together, and afterwards the mgans of dis- 
tinguishing between the several oxides of the three metals‘ 
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1. If you have a mixture of sulphide of tin, sulphide of antimony, 
and sulphide of arsenic, triturate 1 part of it with 1 part of dry car- 
bonate of soda and 1 part of nitrate of soda, and transfer the mixed 
powder gradually to a small porcelain crueible containing 2 parts of 
nitrate of soda kept in a state of fusion at a not over-strong heat; oxida- 
tion ofthe sulphides ensues, attended with slight deflagration. The 
fused mass contains binoxide of tin, arsenate and antimonate of soda, 
with sulphate, carbonate, nitrate, and nitrite of soda. You must take 
care not to raise the heat to such a degree, nor continue the fusion so 
long, as to lead to a reduction of the nitrite ofsoda to the caustic state, 
that there may not be formed stannate of soda soluble in water. Upon 
treating the mass with a little cold water binoxide oftin and antimonate 
of soda remain undissolved, whilst arsenate of soda and the otker salts 
are dissolved. If the filtrate is acidified with nitric acid, and heat is 
applied to remove carbonie and nitrous acids, the arsenic acid may be 
detected and separated, either with nitrate of silver, according to $ 133, 
5, or with a mixture ofsulphate ofmagnesia, chloride ofammonium, and 
ammonia, according to $ 133, 9. 

If the undissolved residue, consisting of binoxide of tin and antimo- 
nate of soda, is, after being washed once with cold water and three times 
with dilute spirits of wine, treated with some hydrochlorie acid in the 
lid of a platinum crucible, and a gentle heat applied, the mass is either 
completely dissolved or, if the tin is present in a large proportion, a 
white residue is left undissolved. If, regardless of the presence of this 
latter, a fragment of zine is added, the compounds are reduced to the 
metallic state, when the antimony will at once reveal its presence by 
blackening the platinum. If, after the evolution of hydrogen has nearly 
stopped, the remainder of the zine is taken away, and the contents of 
the lid are heated with some hydrochloriec acid, the tin dissolves to pro- 
tochloride, whilst the antimony is left undissolved in the form of black 
tlakes. The tin may then be more distinctly tested in the solution, 
with chloride of mercury, or with a mixture of sesquichloride of iron 
and ferriceyanide of potassium, and the antimony, after solution in a 
little aqua regia, with hydrosulphuric acid. As this method of detect- 
ing arsenic, tin, and antimony in presence of each other is adopted in 
the systematic course of analysis, I have here simply explained the 
prineiple upon which it is based, and refer for the details of the process 
to $ 192. 

2. Ifthe mixed sulphides, after being freed from the greater part 
of the adhering water, by laying the filter containing them on 
blotting paper, are treated with fuming hydrochlorie acid, with applica- 
tion of a gentle heat, the sulphides of antimony und tin dissolve, whilst 
the sulphide of arsenic is left almost completely undissolved. By 
treating this with ammonia, and evaporating the solution obtained, with 
addition of a small quantity ofcarbonate ofsoda, an arsenical mirror may 
easily be produced from the residue, by means of cyanide of potassium 
and carbonate of soda in a stream of carbonic acid gas ($ 132, 12). 
The solution, which contains the tin and the antimony, may be treated 
as stated in 1. 

Ifa great excess of antimony is present the latter solution may also 
be mixed with sesquicarbonate of ammonia in excess, and boiled ; when 
a large proportion of the antimony will dissolve, leaving binoxide of tin 
behind, mixed with but little teroxide -. antimony; in which undissolved 
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residue the tin may now be the more readily detected by the method 
described in 1 (BLoxAam). 

3. Ifthe mixed sulphides are digested at a gentle heat with some 
common solid carbonate of ammonia and water sulphide of arsenic dis- 
solves, whilst the sulphides of antimony and tin remain undissolved. 
But even this separation is not quite absolute, as traces of sulphide of 
antimony are apt to pass into the solution, whilst some sulphide of 
arsenic remains in the residue. The sulphide of arsenic precipitating 
from the alkaline solution upon acidifying this latter with hydrochloric 
acid must therefore, especially if consistine only of a few flakes, after 
washing, be treated with ammonia, the solution evaporated, with addition 
of a small quantity of carbonate of soda, and the residue fused witl 
“yanide of potassium in a stream of carbonic acid, to make quite sure by 
the production of an arsenical mirror. The residue, insoluble in car- 
bonate of ammonia, should be treated as directed in 2. 

4. If sulphide ofantimony, sulphide oftin, and sulphide ofarsenic are 
dissolved in sulphide of potassium, a large excess of a concentrated solu- 
tion of sulphurous acid added, the mixture digested for some time 
on the water-bath, boiled until all sulphurous acid is expelled, then 
filtered, the filtrate contains all the arsenic as arsenious acid (which 
may be precipitated from it by hydrosulphurie acid), whilst tersulphide 
of antimony and bisulphide oftin are left behind undissolved (Buxser). 
These latter may then be treated as directed in ?. 

5. In the analysis ofalloys, binoxide of tin, teroxide of antimony, and 
arsenic acid are often obtained together as a residue insoluble in nitrie 
acid. The best way is to fuse this residue with hydrate of soda in a 
silver crucible, to treat the mass with water, and add one-third (by 
volume) of spirit of wine; then to filter the Auid offfrom the antimonate 
»f soda, which remains undissolved, and wash the latter with spirit of 
wine mixed with a few drops of solution of carbonate of soda. In the 
presence of much tin it is advisable to repeat the above treatment on the 
residue, in order to extract all the tin. The filtrate is acidified with 
hydrochloric acid, and the tin and arsenie are then preeipitated as sul- 
phides, with the aid of heat. On heating the precipitated sulphides in 

‚a stream of hydrosulphuric acid gas the whole of the tin is left as sul- 
phide, whilst the sulphide of arsenic volatilizes, and may be received in 
solution of ammonia (H. Rosr). 

6. For the method of separating antimony and arsenie, and dis- 
tinguishing between the two metals, by treating with hydrosulphuric 
acid the mirror produced by MAarsm’s process, and separating the result- 
ing sulphides by means of hydrochlorie acid gas, I refer to $ 132, 10. 
Antimony and arsenic may, however, when mixed together in form of 
hydrogen compounds, be separated also in the following ways. a. 
Conduet the gases mixed with an excess of hydrogen, first through a 
tube containing glass splintersmoistened with solution ofacetate of lead, 
to retain the hydrochlorie and hydrosulphuric gases, then in a slow 
stream into a solution of nitrate of silver. Almost all the antimony in 
the gas falls down as black antimonide of silver (Ag, Sb), whilst the 
arsenic passes into the solution as arsenious acid, with reduction of 
the silver, and may be detected in the fluid as arsenite of silver, by 
cautious addition of ammonia, or—after precipitating the excess of silver 
by hydrochlorie acid—by means of hydrosulphuric acid. Since, how- 
ever, a little antimony always passes into the solution, the hydrosul- 
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phurie acid precipitate must not be put down as sulphide of arseniec 
without further examination, according to $ 132,12. In the preeipitated 
antimonide of silver, which is often mixed with much silver, the antimony 
may be most readily detected, by heating the precipitate—thoroughly 
freed from arsenious acid by boiling: with water—with tartaric acid and 
water to boiling. This will dissolve the antimony alone, which may 
then be readily detected by means of hydrosulphuric acid in the solution 
acidified with hydrochloric acid (A. W. Hormann). Dd. Conduct the 
gases mixed with an excess of hydrogen through a rather wide glass 
tube, 3 or 4 inches of which are filled with caustie potassa in small 
lumps. The potassa decomposes the antimonetted hydrogen entirely 
becoming coated with a lustrous film of metal. The arsenetted 
hydrogen is on the contrary not decomposed, and may be detected 
readily on its exit from the tube by the production of the arsenical 
mirror ($ 132, 10) or by its action on solution of nitrate of silver 
(DRAGENDORFF). 

7. Protoxide and binowide of tin may be detected in presence of each 
other, by testing one portion of the solution for the protoxide with 
chloride of mercury, terchloride of gold or a mixture of ferricyanide of 
potassium and sesquichloride of iron, and another portion for the 
binoxide, by pouring itinto a concentrated hot solution of sulphate of 
soda. For the last test the solution must not contain much free 
acid. 

8. Teroxide of antimony in presence of antimonie acid may be identified 
by the reaction described in $ 131, 9. Antimonie acid in presence of 
teroscide of antimony, by heating the oxide, which must be free from other 
bodies, with hydrochloric be and iodide of potassium ($ 131,2 and 3). 

9. Arsenious acid and arsenie acidin the same solution may be distin- 
guished by means of nitrate of silver. Ifthe preeipitate contains little 
arsenate and much arsenite of silver it is necessary, in order to identify 
the former, to add cautiously and drop by drop most hiehly dilute nitrie 
acid, which dissolves the yellow arsenite of silver first. A still safer 
way to detect small quantities of arsenic acid in presence of arsenious 
acid is to precipitate the solution with a mixture of sulphate of mag- 
nesia, chloride of ammonium, and ammonia ($ 132, 9), by which means 
an actual separation of the two acids is effected. Arsenious acid may 
be recognised in presence of arsenic acid by the immediate preeipitation 
of the acidified solution with hydrosulphuric acid in the cold; also by 
the reduction of oxide of copper in alkaline solution ; also by the separa- 
tion of metallie silver by boiling the ammoniacal solution of the silver 
salts. To ascertain the degree of sulphuration of a sulphide of arsenie 
in a sulphur salt, boil the alkaline solution of the salt under examination 
with hydrate of teroxide of bismuth, filter off from the tersulphide of 
bismuth formed, and test the filtrate for arsenious and arsenic acids. 
To distinguish between the ter- and pentasulphide of arsenic, extract 
first the sulphur which may be present by means of sulphide of carbon, 
then dissolve the residue in ammonia, add nitrate of silver in excess, 
filter off the sulphide of silver, and observe whether arsenite or arsenate 
of silver is formed upon addition of ammonia, 
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Special Reactions of the rarer Oxides of the Sixth Group. 
$ 135. 
a. OXIDE OF IRIDIUM. 


Irıprvm is found in combination with platinum and other metals in platinum ores, 
also, and more especially, as a native alloy of osmium and iridium. Alloyed with 
platinum, it has of late been employed for erucibles, &c. Iridium resembles pla- 
tinum, but it is brittle ; it fuses with extreme difliceulty. In the compact state, or 
reduced at a red heat by hydrogen, it dissolves in no acid, not even in aqua regia 
(difference between iridium and gold and platinum); reduced in the moist way, say 
by formic acid, or largely alloyed with platinum, it dissolves in aqua regia to bichloride. 
Acid sulphate of potassa in a state of fusion will oxidize, but not dissolve it (difference 
between iridium and rhodium). It oxidizes by fusion with hydrate of soda, with access 
of air, or by fusion with nitrate of soda. The compound of sesquioxide of iridium with 
soda, which is formed in this process, dissolves partially in water; by heating with 
aqua regia it gives a deep-black solution of bichloride of iridium and chloride of sodium. 

If iridium powder is mixed with chloride of sodium, the mixture heated to inci- 
pient redness, and treated with chlorine gas, sodio-bichloride of iridium is formed, 
which dissolves in water to a deep reddish-brown fluid. Potassa, added in excess, 
culors the solutions greenish, a little brownish-black potassio-bichloride of iridium pre- 
cipitating at the same time. If the solution is heated, and exposed some time to the 
air, it acquires at first a reddish tint, which changes afterwards to azure blue (charac- 
teristic difference between iridium and platinum) ; if the solution is now evaporated to 
dryness, and the residue treated with water, a colorless fluid is obtained, with a blue 
deposit of binoxide of iridium left undissolved. Hydrosulphurie acid in the first place 
decolorizes solutions of bichloride of iridium, protochloride is formed, with separation 
of sulphur, and finally brown sulphide of iridium precipitates. Sulphide of ammonium 
produces the same precipitate, which redissolves readily in an excess of the precipitant. 
Chloride of potassium precipitates potassio-bichloride of iridium as a dark-brown 
powder, insoluble in a concentrated solution of chloride of potassium. Chloride of 
ammonium precipitates from concentrated solutions ammonio-bichloride of iridium in 
the form of a dark-red powder, consisting of microscopie octahedrons, insoluble in con- 
centrated solution of chloride of ammonium. This double-salt (and also the corre- 
sponding potassium compound), especially when in hot solution, is turned olive-green 
by nitrite of potassa, owing to the formation of a double salt of the sesquichloride of 
iridium [2 (K Cl, Ir C©1,)+K 0, N 0,=3KCl, Ir, C1,+N O,]; this double salt erystal- 
lizes out on cooling. On heating or evaporating the green solution with an excess of 
nitrite of potassa it turns yellow, and when boiled deposits a white precipitate which 
is hardly soluble in water and hydrochlorie acid. (This reaction may be taken advan- 
tage of to separate iridium from platinum, GIBBS.) If the ammonio-bichloride of 
iridium is dissolved in water by boiling, and oxalic acid is added, a reduction of the 
bichloride to sesquichloride takes place, and on this account the solution remains clear 
on cooling (here iridium differs from platinum, ©. Lea). If protochloride of tin is 
added to bichloride of iridium and the solution is boiled, and then excess of potassa is 
added and the mixture is boiled again, a leather-colored precipitate is formed. Sulphate 
of iron decolorizes the solution, but does not produce a precipitate. Zine precipitates 
black metallie iridium. On suspending binoxide of iridium in a solution of nitrite of 
potasso, saturating with sulphurous acid and boiling with renewal of the evaporating 
water till all the free sulphurous acid is expelled, the whole of the iridium is converted 
into insoluble sulphite of binoxide (any binoxide of platinum which may be present 
will remain dissolved as sulphite of protoxide of platinum and potassa, ©. BIRNBAUM). 
Ignited with carbonate of soda in the upper oxidizing flame compounds of iridium yield 
the metal, which when elutriated out is gray, devoid of lustre, and without duetility. 


b. OxIDES OF MOLYBDENUM. 


MOLYBDENUM is not largely disseminated in nature, and is found only in moderate 
quantities, more especially as sulphide of molybdenum and as molybdate of lead (yellow 
lead ore). Since the use of molybdate of ammonia as a means of detecting and deter- 
mining phosphoric acid, molybdenum has acquired considerable importance in practical 
chemistry. MOLYBDENUM is tin-white and hard, when heated in the air it oxidizes, it 
is soluble in nitric acid. and very difhicult to fuse. The PROTOXIDE and SESQUIOXIDE 
are black, the BINOXIDE is dark-brown. When heated in the air or treated with nitric 
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acid the metal and oxides are all converted into MOLYBDIC AcID (Mo 0,). The latter is 
a white porous mass, which in water separates into fine scales, and dissolves to a slight 
extent; it fuses at a red heat, in close vessels it volatilizes only at a very high tempe- 
rature, in the air it volatilizes easily at a red heat and sublimes to transparent lamin® 
and needles. On igniting it in a current of hydrogen it is first converted into the binoxide, 
and afterwards by strong and long-continued heating into the metal. The non-ignited 
nıolybadic acid dissolves in acids. The solutions are colorless ; the hydrochloric solu- 
tion is colored by contact with zinc soon, on addition of protochloride of tin Imme- 
diately ; the color being brown, green or blue according to the proportion of redueing 
agent and the concentration of the fluid. Digested with copper the sulphurie acid 
solution turns blue, the hydrochlorie acid solution brown. The reaction often requires 
some time. Ferrocyanide of potassium produces a reddish-brown precipitate, infusion 
of galls a green precipitate. Hydrosulphuric acid, added in small proportion, imparts 
a blue tint to the solutions of molybdic acid ; added in larger proportion it produces 
a brownish-black preeipitate ; the fluid over the latter at first appears green. But 
after being allowed to stand for some time, and heated, additional quantities of hydro- 
sulphurie acid being repeatedly conducted into it, the whole of the molybdenum present 
will ultimately ihough slowly separate as brownish-black tersulphide of molybdenum. 
The precipitated tersulphide of molybdenum dissolves in sulphides of the alkali metals ; 
acids preeipitate from the sulphur salts the sulphur acid (Mo S,), application of heat 
promotes the separation. By heating to redness in the air, or by heating with nitric 
acid, sulphide of molybdenum is converted into molybdie acid. If a solution of 
molybdic acid in excess of ammonia is mixed with yellow sulphide of ammonium, and 
boiled for some time, a dark-red liquid of great depth of color is formed in addition to 
the brownish-black precipitate, unless a very large excess of sulphide of ammonium is 
present. Sulphocyanide of potassium, if added to a solution of molybdie acid contain- 
ing hydrochloric acid, produces no color until zine is added, when the fiuid becomes 
crimson ; the coloration is due to the formation of a sulphocyanide of molybdenum 
corresponding to the binoxide or sesquioxide. Phosphoric acid does not destroy the 
color (difference from sulphocyanide of iron). On shaking the red fluid with ether, the 
latter becomes colored (C. D. Braun). 

Molybdic acid dissolves readily in solutions of pure alkalies and carbonates of the 
alkalıes ; from concentrated solutions nitrie acid or hydrochlorice acid throws down 
molybdic acid, which redissolves in a large excess of the precipitant. The solutions of 
molybdates of the alkalies are colored yellow by hydrosulphuric acid, and give after- 
wards, upon addition of acids, a brownish-black precipitate. For the deportment of 
molybdie acid with phosphoric acid and ammonia, see $ 142, 10. 

Molybdic acid volatilizes when heated on charcoal in the owidizing flame, coating 
the charcoal with a yellow, often erystalline, powder, which turns white on cooling. 
In the redueing flame the acid suffers reduction to the metallic state, the molybdenum 
is obtained as a gray powder by elutriating tlıe charcoal support. Sulphide of molyb- 
denum gives in the oxidizing flame sulphurous acid and an inerustation of molybdic 
acid on the charcoal. 


c. OXIDES OF TUNGSTEN. 


This metal most commonly oceurs in nature in the forms of tungstate of lime and 
of a double tungstate of protoxide of iron and protoxide of manganese called wolfram. 
Obtained by the reduction of tungstic acid in a current of hydrogen at an intense red 
heat, it is an iron-gray powder, very difficultly fusible. This powder is converted by 
ignition in the air into tungstic acid (W O,) ; by ignition in a current of dry air-free 
chlorine into dark violet terchloride which sublimes, and a more volatile red com- 
pound (WCl, WCl,). These chlorides are decomposed by water into the corre- 
sponding hydrated oxides and hydrochlorie acid. Tungsten is insoluble or scarcely 
soluble in acids, even in aqua regia, and also in potassa ; it dissolves, however, in the 
latter if mixed with chloride of soda. BINoXIDE OF TUNGSTEN is black ; by intense 
ignition with free access of air it is converted into tungstic acid. TUNGSTIC ACID is 
lemon-yellow, fixed, insoluble in water and acids. By fusing tungstie acid with acid 
sulphate of potassa, and treating the fused mass with water, an acid solution is 
obtained, which contains no tungstic acid; after the removal of this solution the 
residue, consisting of tungstate of potassa and a large excess of tungstic acid, com- 
pletely dissolves in water containing carbonate of ammonia (means of separating 
tungstie from silicie acid). Tungstates of the alkalies soluble in water are formed 
readily by fusion with alkaline carbonates, but with diffieulty by boiling with solution 
of the same. Hydrochloric acid, nitrie acid, and sulphuric acid produce in the solution 
of these tungstates white precipitates, which turn yellow on boiling and are insoluble in 
an excess of the acids (difference from molybdic acid), but soluble in amınonia, Upon 
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evaporating with an excess of hydrochlorie acid to dryness, and. treating the residue 
with water, the tungstie acid is left undissolved. Chloride of barium, chloride of 
caleium, acetate of lead, nitrate of silver, nitrate of suboxide of mercury produce white 
precipitates, Ferrocyanide of potassium, with addition of some acid, colors the Auid 
deep brownish-red, and after some time produces a precipitate of the same color. 
Tineture of galls, with a little acid added, produces a brown precipitate. Hydrosul- 
phurie acıd barely precipitates acid solutions. Sulphide of ammonium fails to preci- 
Pitate solutions of tungstates of alkalies; upon acidifying the mixture light-brown 
tersulphide of tungsten precipitates, which is slightly soluble in pure water, but 
insoluble in water containing salts. Protochloride of tin produces a yellow preeipi- 
tate; on acidifying with hydrochlorie acid, and applying heat, this preeipitate acquires 
a beautiful blue color (highly delicate and characteristic reaction). If solutions of 
tungstates of alkalies are mixed with hydrochloric acid, or, better still, with an excess 
of phosphorie acid, and zine is added, the fluid acquires a beautiful blue color. Phos- 
phate of soda and ammonia dissolves tungstic acid. The bead, exposed to the 
oxidizing flame, appears clear, varying from colorless to yellowish ; in the redueing 
flame it acquires a pure blue color, and upon addition of sulphate of protoxide of iron 
a blood-red color. By mixing with a little carbonate of soda, and exposing in the 
cavity of the charcoal support to the reducing flame, tungsten in powder is obtained, 
which may be separated by elutriation. The tungstates which are insoluble in water 
may, most of them, be decomposed by digestion with acids. Wolfram, which strongly 
resists the action of acid, is fused with carbonated alkali, when water will disso!ve out 
of the fused mass the tungstate of alkali formed. 


d. OXIDES OF TELLURIUM. 


TELLURIUM is not widely disseminated, and is found in small quantities only in the 
native state, or alloyed with other metals, or as tellurous acid. Itis a white brittle, 
but readily fusible metal, which may be sublimed in a glass tube. Heated in the air 
it burns with a greenish-blue flame, emitting thick white fumes of teliurous acid. 
Tellurium is insoluble in hydrochlorie acid, but dissolves readily in nitrie acid to 
tellurous acid (Te 0,). Tellurium in powder dissolves in cold concentrated sulphuric 
acid to a purple-coloured fluid, from which it separates again upon addition of water. 
TELLUROUS ACID is white; at a gentle red heat it fuses to a yellow Juid ; it is vola- 
tilized by strong ignition in the air, forming no erystalline sublimate. The anhydrous 
acid dissolves readily in hydrochloric acid, sparingly in nitric acid, freely in solution of 
potassa, slowly in ammonia, barely in water. The hydrate of tellurous acid is white; 
it is perceptibly soluble in cold water, and dissolves in hydrochlorie acid and in nitrie 
acid. By addition of water white hydrate is thrown down from the solution, and from 
the nitric acid solution nearly the whole of the tellurous acid separates after some time 
as a crystalline precipitate, even without addition of water. Pure alkalies and carbo- 
nates of the alkalies throw down from the hydrochlorie acid solution white hydrate, 
which is solnble in an excess of the precipitant. Hydrosulphurie acid produces in 
acid solutions a brown precipitate (Te S,, in color like protosulphide of tin), which 
dissolves very freely in sulphide of ammonium. sSulphite of soda, protochloride of tin, 
and zinc precipitate black metallic tellurium. TELLURIO AcıD (Te O,) is forıned by 
fusing tellurium or tellurites with nitrates and carbonates of the alkalies. T'he fused 
mass is soluble in water. The solution remains clear upon acidifying with hydrochlorie 
acid in the cold; but upon boiling chlorine is disengaged, and tellurous acid formed, 
and the solution is therefore now precipitated by water if the excess of acid is not too 
great. If tellurium, its sulphide, or an oxygen compound of the metal is fused with 
cyanide of potassium in a stream of hydrogen, a cyanide of tellurium and potassium is 
formed. The fused mass dissolves in water, but a current of air throws down from 
the solution the whole of the tellurium (difference and means of separating tellurium 
from selenium). When tested in the dry way by BUNsEN’S method (p. 23) the com- 
pounds of tellurium give a grayish-blue color in the upper reducing flamıe, while at the 
same time the upper oxidizing flame appears green. The volatilization is unaceom- 
panied by any odor. The incrustation produced by reduction is black, with a blackish- 
brown edge, and gives a crimson solution when heated with concentrated sulphuric 
acid. The incrustation of oxide is white, scarcel y visible ; protochloride of tin colors it 
black, metallic tellurium being separated. When heated with carbonate of soda in 
the stick of charcoal compounds of tellurium yield telluride of sodium, which when 
placed on clean silver and moistened produces a black mark, and when treated with 
hydrochlorie acid (in the presence of enough tellurium) gives an odor of telluretted 
hydrogen with separation of tellurium. 
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e. OXIDES OF SELENIUM. 


SELENIUM oceurs in nature in the form of selenides of metals. It is found occa- 
sionally in the dust of roasting-furnaces, and also in the Nordhausen oil of vitriol. It 
resembles sulphur in some respects, tellurium in others. Fused selenium is grayish- 
black ; it volatilizes at a high temperature, and may be sublimed. Heated in the air 
it burns to selenious acid (Se O,), exhaling a characteristic smell of decaying horse- 
radisb. Concentrated sulphuric acid dissolves selenium without oxidizing it; upon 
diluting the solution the selenium falls down in red flakes. Nitric acid and aqua regia 
dissolve selenium to SELENIOUS AcıD. The latter is converted at 200° into a yellow 
gas. Sublimed anhydrous selenious acid appears in form of white four-sided needler, 
its hydrate in the form of erystals resembling those of nitrate of potassa. Both the 
acid and its hydrate dissolve readily in water to a strongly acid fluid. Of the neutral 
salts only those with the alkalies are soluble in water; the solutions have alkaline 
reactions. All selenites dissolve readily in nitrie acid, with the exception of the 
selenites of lead and silver, which dissolve with diffieulty. Hydrosulphuric acid 
produces in solutions of selenious acid or of selenites (in presence of free hydrochlorie 
acid) a yellow preeipitate of SULPHIDE OF SELENIUM (?) which, upon heating, turns 
reddish-yellow, soluble in sulphide of ammonium. Chloride of barium produces (after 
neutralization of the free acid, should any be present), a white precipitate of SFLENITE 
OF BARYTA, which is soluble in hydrochloric acid and in nitric acid. Protochloride of 
tin or sulphurous acid, with addition of hydrochlorie acid, produces a red precipitate 
of SELENIUM, which turns gray at a high temperature. Metallic copper when placed 
in a warm solution of selenious acid containing hydrochloric acid becomes immediately 
coated black ; if the fluid remains long in contact with the copper, it turns light red 
from separation of selenium (REINSCH). SELENIC ACID is formed by heating selenium 
or its compounds with carbonates and nitrates of the alkalies. The fused mass dissolves 
in water; the solution remains clear upon acidifying with bydrochlorie acid ; when 
concentrated by boiling, it evolves chlorine, whilst the selenic acid is reduced to 
selenious acid. By fusing selenium or its compounds with cyanide of potassium in & 
stream of hydrogen gas, a cyanide of selenium and potassium is obtained, from which 
the selenium is not eliminated by the action of the air (as is the case with tellurium) ; 
it separates, however, upon long -continued boiling, after addition of hydrochlorie acid. 
When tested according to p. 23, compounds of selenium give a blue color to the flame, 
and by volatilization and combustion of the vapor the above-mentioned odor is 
emitted. The inerustation produced by reduction is brick-red to cherry-red, and gives 
a dirty green solution with concentrated sulphuric acid. The inerustation of oxide is 
white, and when. moistened with protochloride of tin becomes red from separated 
selenium. In the charcoal stick with carbonate of soda selenide of sodium is formed, 
which when placed on silver and moistened produces a black mark, and when treated 
with acids yields selenetted hydrogen. 


B.—DEPoORTMENT OF THE ACIDS AND THEIR RADICALS. 
$ 136. 


The reagents which serve for the detection of the acids are divided, 
like those used for the detection of the bases, into GENERAL REAGENTS, 
i.e., such as indicate the GROUP to which the acid under examination 
belongs; and SPECIAL REAGENTS, i.e., such as serve to effect the detec- 
tion and identification of the INDIVIDUAL AcıDs. The groups into 
which we classify the various acids can scarcely be defined with the 
same degree of precision as those into which the bases are divided. 

The two prineipal groups into which acids are divided are those 
of INORGANIC and ORGANIC AcIıDSs. We base this division upon those 
characteristics by which, irrespectively of theoretical considerations, the 
ends of analysis are most easily attained. We select therefore here, as 
the characteristie mark to guide us in the classification into organie and 
inorganic acids, the deportment which the various acids manifest at a 
high temperature, and call organic those acids of which the salts— 
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(particularly those which have an alkali or an alkaline earth for base) 
—are decomposed upon ignition, with separation of carbon. By select- 
ing this deportment at a high temperature as the distinctive charac- 
teristic of organic acids, we are enabled to determine at once by a most 
simple na experiment the classto which an acid belongs. The 
salts of organic acids with alkalies or alkaline earths are converted into 
carbonates when heated gently to redness. 

Before proceeding to the special study of the several acids considered 
in this work, I give here, as I have done with the bases, a general view 
of the whole of them classified in groups. 


I. Inorganıc Acıns. 
FIRST GROUP: 

Division a. Chromie acid (sulphurous and hyposulphurous acids, 
iodie acid). 

Division d. Sulphurie acid (hydrofluosilieic acid). 

Division e. Phosphorie acid, boracie acid, oxalie acid, hydrofluoric acid 
(phosphorous acid). 

Division d. Carbonie acid, silieie acid. 

SECOND GROUP: 

Chlorine and hydrochlorie acid; bromine and hydrobromie acid ; iodine 
and Ahydriodie acid; cyanogen and hydrocyanie acid, 
together with Aydroferro- and hydroferrieyanie acids ; 
sulphur and hydrosulphuric acid (nitrous acid, hypochlo- 
rous acid, chlorous acid, hypophosphorous acid). 

THIRD GROUP: 
Nitrie acid, chlorie acid (perchloric acid). 
II. Orsanıc Acızs. 
FIRST GROUP: 
Oxalie acid, tartarie acid, eitrie acid, malie acid (racemic acid). 
SECOND GROUP: 

Suceinie acid, benzoie acid. 

THIRD GROUP: 

Acetie acid, formie acid (lactie acid, propionic acid, butyrie acid). 


The acids printed in italics are more frequently met with in the 
examination of minerals, waters, ashes of plants, industrial products, 
medicines, &c.; the others are more rarely met with. 


I. InoraAnıc Acıns. 
8 137. 
First Group. 


ACIDS WHICH ARE PRECIPITATED FROM NEUTRAL SOLUTIONS BY 
ÜHLORIDE OF BARIUM. 


This group is again subdivided into four divisions, viz. : 
1. Acids which are decomposed in acid solution by hydrosulphurie acid, 
and to which attention has therefore been directed already in the 
\ testing for bases, viz., CHROMIG ACID (sulphurous acid and hyposul- 
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phurous acid, the latter because it is decomposed and detected by the 
imere addition of hydrochloric acid to the solution of one of its salts; 
and also iodic acid).* y 
Aids which are not decomposed in acid solution by hydrosulphuric 
acid, and the baryta compounds of which are insoluble in hydrochloric 
acid: sULPHURIC AcıD (hydrofluosilicie acid). 
3, Acids which are not decomposed in acid solution by hydrosulphuric 
acid, and the baryta compounds of which dissolve in hydrochloric 
acid, apparently without decomposition, inasmuch as the acids cannot 
be completely separated from the hydrochlorie acid solution by heating 
or evaporation: PHOSPHORIO ACID, BORACIC ACID, OXALIC ACID, 
HYDROFLUORIG ACID (phosphorous acid). (Oxalic acid belongs 
more properly to the organic group. We consider it, however, here 
with the acids of the inorganie class, as the property of its salts to be 
decomposed upon ignition without actual carbonization may lead to 
its being overlooked as an organic acid.) # 
4. Acids which are not decomposed in acid solution by hydrosulphuric 
acid, and the baryta salts of which are soluble in hydrochlorie acid 


with separation of the acid : CARBONIC ACID, SILICIO ACID. 


[&-) 


First Division of the First Group of the Inorganie Acids. 
$ 138. 
Curovic Acıp (Cr O,). 


1. Cmroumıc Acın appears as a scarlet erystalline mass, or in the 
form of distinet acicular erystals. Upon ignition it is resolved into 
sesquioxide of chromium and oxygen. It deliquesces rapidly upon ex- 

osure to the air. It dissolves in water, imparting to the Huid a deep 
reddish-yellow tint, which remains visible in very dilute solutions. 

9, The CHROMATES are all red or yellow, and for the most part 
insoluble in water. Part of them are decomposed upon ignition. 
Those with alkaline bases are soluble in water, and when neutral are 
fixed; the solutions ofthe neutral alkaline chromates are yellow, those 
of the alkaline bichromates are reddish-yellow. These tints are visible 
in highly dilute solutions. The yellow color of the solution of a 
neutral salt changes to reddish-yellow on the addition ofan acid, owing 
to the formation of an acid chromate. 

3. Hydrosulphurie acid acting upon the acidified solution produces 
first a brownish eoloration of the fluid, then a green coloration, arising‘ 
from the salt of sesquioxide of chromium formed ; this change of color 
is attended with separation of sulphur, which imparts a milky appear- 
ance to the fluid [K0,2Cr0,+4(H0,S0,) + 3HS=K0, 50, + 
Cr,0,380,+7H0+38]. Heat promotes this reaction, part of the 
sulphur being in that case converted into sulphuric acid. 

4. Sulphide of ammonium, when added in excess to a solution of an 


* To this first division of the first group of inorganie acids belong properly also all 
the oxygen compounds of a distinctly pronounced acid character, which have been 
discussed already with the Sixth Group of the metallic oxides (acids of arsenic, antimony, 
selenium, &c.). But as the reaction of these compounds with hydrosulphuric acid 
tends to lead to confounding them rather with other metallic oxides than with other 
acids, it appeared the safer course to class these compounds, which may be said to 
stand between the bases and the acids, with the metallic oxides. 
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acid chromate of an alkali, immediately produces a bluish-gray-green 
precipitate of hydrated CHROMATE or SESQUIOXIDE OF CHROMIUM; 
on boiling the whole of the chromium separates as green hydrated 
oxide. Ina solution of neutral chromate of potassa at first a dark 
brownish coloration alone is produced, but the bluish-gray-green 
preeipitate above mentioned soon separates. 

5. Chromic acid may also be reduced to sesquioxide by means of 
many other substances, and more particularly by sulphurous acid, by 
er with concentrated hydrochlorie acid, or with the dilute acid and 
alcohol (in which case chloride of ethyl and aldehyde are evolved), by 
metallic zine, by heating with tartarie acid, owalie acid, &c. All these 
reactions are clearly characterized by the change of the red or yellow 
color of the solution to the green or violet tint of the salt of sesquioxide 
of chromium. 

6. Ohloride gf barium produces in aqueous solutions of chromates a 
yellowish-white preeipitate of CHROMATE oF BARYTA (BaO, Cr O,), 
soluble in dilute hydrochlorie and nitrie acids. 

7. Nitrate of silver produces in aqueous solutions of chromates a 
dark purple-red preeipitate of CHROMATE oF SILVER (Ag O, Cr O,) 
soluble in nitrie acid and in ammonia; inslightly acid solutions it pro- 
duces a precipitate of BICHROMATE OF SILVER (Ag 0,2Cr0,). 

8. Acetate of lead produces in an aqueous or acetic acid solution of 
a chromate a yellow precipitate of CHROMATE OF LEAD (Pb O, Cr O,), 
soluble in potassa, sparingly soluble in dilute nitrie acid, insoluble in 
acetic acid. Upon heating with alkalies the yellow neutral salt is con- 
verted into basic red chromate of lead (2PbO, CrO,). 

9. If a very dilute acid solution of peroside of hydrogen* (about 6 or 
8 c.c.) is covered with a layer of ether (about half a centimetre thick), 
and a fluid containing chromie acid is added, the solution of peroxide of 
hydrogen acquires a fine blue color. By inverting the test-tube, closed 
with the thumb, repeatedly, without much shaking, the solution becomes 
colorless, whilst the ether acquires a blue color. The latter reaction is 
particularly characteristic. One part of chromate of potassa in 40,000 
parts of water suflices to produce it distinetly (STORER); presence of 
vanadic acid materially impairs the delicacy of the test (WERTHER).f 
The blue coloration is in all probability caused by a combination of 
chromie acid with peroxide of hydrogen. After some time reduction 
of the chromic acid to sesquioxide takes place, and at the same time 
decoloration of the ether. 

10. Ifinsoluble chromates are fused with carbonate and nitrate of soda, 
and the fused mass is treated with water, the Auid obtained appears 
yellow from the alkaline chromate which it holds in solution ; upon the 
addition of an acid the yellow colour changes to reddish-yellow. The 
oxides are left either in the pure state or as carbonates, unless they are 
soluble in the caustic soda formed from the nitrate. 


* Solution of peroxide of hydrogen may be easily prepared by triturating a frag- 
ment of peroxide of barium (about the size of a pea) with some water, and adding 
it with stirring to a mixture of about 30 c.c. hydrochlorie acid, and 120 e.c, water. 
The solution keeps a long time without suffering decomposition. In default of peroxide 
of barium, impure peroxide of sodium may be used instead, which is obtained by 
heating a fragment of sodium in a porcelain capsule until it takes fire, and letting 
it burn. 


t Journ, f. prakt. Chen. 83, 195, 
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11. The compounds of chromic acid show the same reactions with 
phosphate of soda and ammonia and with borax in the blowpipe Hame, as 
the compounds of sesquioxide of chromium. 

12. Very minute quantities of chromie acid may be detected by 
one of the following methods: a. mix with the fluid, slightly aciditied 
with sulphuric acid, a little tincture of guaiacum (1 part of the resin to 
100 parts of alcohol of 60 per cent.) when an intense blue coloration 
ofthe Huid will at once make its appearance, speedily vanishing again, 
however, where mere traces of chromic acid are present (H. SoHIFF); 
d. mix the solution of the alkaline chromate, which must be as neutral 
as possible with some dilute decoction of logwood, when a very intense 
black ceoloration will be produced ; in the presence of exceedingly small 
quantities of chromie acid the color is violet-red (R. WILDENSTEIN). 


Chromic acid being reduced by hydrosulphurie acid to sesquioxide 
of chromium, this acid is in the course of analysis always found in the 
examination for bases. The intense color of the solutions containing 
chromie acid, the excellent reaction with peroxide of hydrogen, and the 
characteristie preeipitates produced by solutions of salts of lead and 
salts of silver, afford moreover ready means for its detection. For 
the discovery of traces of chromium present in many minerals, for 
instance in serpentine, the reactions in 12 may be used after the 
mineral has been fused with alkaline carbonate and nitrate. 


Rarer Acids of the First Division. 
$ 139. 
a. SULPHUROUS AcıD (SO,). 


SULPHUROUS ACID is a colorless, uninflammable gas, which exhales the stifling odor 
of burning sulphur. It dissolves copiously in water. The solution has the odor of 
the gas, reddens litmus-paper, and bleaches Brazil-wood paper. It absorbs oxygen 
from the air, and is thereby converted into sulphuric acid. The salts are coloriess. 
Of the neutral sulphites, those with alkaline base only are readily soluble in water ; 
many of the sulphites insoluble or sparingly soluble in water dissolve in an aqueous 
solution of the sulphurous acid, but fall down again on boiling. All the sulphites 
evolve sulphurous acid when treated with sulphurie acid. Chlorine water dissolves 
most sulphites to sulphates. Chloride of barium precipitates neutral sulphites, but 
not free sulphurous acid. The precipitate dissolves in hydrochlorie acid, Hydrosul- 
phurie acid decomposes the free sulphurous acid, water and pentathionie acid being 
formed and free sulphur eliminated. If to a solution of sulphurous acid mixed with an 
equal volume of hydrochlorie acid, a piece of clean copper wire is added, and the mix- 
ture is boiled, the copper appears black, as if covered with soot, if much sulphurous 
acid is present; but only dull if a little is present (H. Reissch). If a trace of sul- 
phurous acid or of a sulphite is introduced into a flask in which hydrogen is being 
evolved from zine or aluminium and hydrochlorie acid, hydrosulphuric acid is imme- 
diately evolved along with the hydrogen, and the gas now produces a black eoloration 
or a black preeipitate in a solution of acetate of lead to which has been added a 
sufflicient quantity of soda to redissolve the precipitate which forms at first. Sul- 
phurous acid is a powerful reducing agent; it reduces chromie acid, permanganie 
acid, chloride of mercury (to subchloride), decolorizes iodide of starch, produces a blue 
preeipitate in a mixture of ferricyanide of potassium and sesquichloride of iron, &c. 
With a hydrochloric acid solution of protochloride of tin a yellow precipitate of BISUL- 
PHIDE OF TIN is formed after some time. If an aqueous solution of an alkaline 
sulphite is mixed with acetic acid just to give it an incipient acid reaction, and is then 
added to a relatively large amount of solution of sulphate of zinc, mixed with a very 
small quantity of nitroprusside of sodium, the fluid acquires a red color if the quantity 
of the sulphite present is not too inconsiderable, but when the quantity of the sulphite 
is very minute the coloration makes its appearance only after addition of some solution 
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of ferrocyanide of potassium. If the quantities are not altogether too minute, a 
purple-red preeipitate will form upon the addition of the ferrocyanide of potassium 
(BöDEkeRr). Hyposulphites of the alkalies do not show this reaction. 


b. HyrosuLpHuRous Acıp ($,0,). 


This acid does not exist in the free state. Most of its salts are soluble in water. 
The solutions of most hyposulphites may be boiled without suffering decomposition ; 
hyposulphite of lime is resolved upon boiling into sulphite of lime and sulphur. If 
hydrochlorie acid or sulphuric acid is added to the solution of a hyposulphite, the fluid 
remains at first clear and inodorous, but after a short time—the shorter the more 
concentrated the solution—it becomes more and more turbid, owing to the separation 
of sulphur, and exhales the odor of sulphurous acid, Application of heat promotes 
this decomposition. Nitrate of silver produces a white precipitate of HYPOSULPHITE 
OF SILVER, which is soluble in an excess of the hyposulphite ; after a little while 
(upon heating almost immediately) this precipitate turns black, being deconıposed 
into sulphide of silver and sulphurie acid. Hyposulphite of soda dissolves chloride of 
silver ; upon the addition of an acid the solution remains clear at first, but after some 
time, and immediately upon boiling, sulphide of silver separates. Chloride of barium 
produces a white precipitate, which is soluble in much water, more especially hot 
water, and is decomposed by hydrochlorie acid. Ferric chloride colors the solutions of 
alkaline hyposulphites reddish-violet (here they differ from alkaline sulphites) ; on 
standing the liquid loses its color, especially when heated, protochloride of iron being 
formed. Acidified solution of chromic acid is immediately reduced by hyposulphites, 
iodide of starch is at once decolorized. With zine or aluminium and hydrochlorie acid 
the byposulphites behave like the sulphites. 





Where it is required to find sulphites and hyposulphites of the alkalies in presence 
of alkaline sulphides, as is often the case, solution of sulphate of zine is first added to 
the fluid until the sulphide is decomposed ; the sulphide of zine is then filtered off, and 
one part of the filtrate is tested for hyposulphurous acid by addition of acid, another 
portion for sulphurous acid with nitroprusside of sodium, &c. 


c. Iopıc Acıp (IO,). 


IopIc AcID crystallizes in white, six-sided tables ; at a moderate heat it is resolved 
into iodine vapor and oxygen; it is readily soluble in water. The salts are decom- 
posed upon ignition, being resolved either into oxygen and a metallic iodide, or into 
iodine, oxygen, and metallic oxide: the iodates with an alkaline base alone dissoive 
readily in water. Ckhloride of barium throws down from solution of iodates of the 
alkalies a white precipitate of IODATE OF BARYTA, which is soluble in nitrie acid; 
nitrate of silver a white granular-crystalline precipitate of IODATE OF SILVER, which 
dissolves readily in ammonia, but only sparingly in nitrie acid. Aydrosulphuric acid 
throws down from solutions of iodie acid IODINE, which then dissolves in hydriodie 
acid ; the precipitation is attended with separation of sulphur. Ifan excess of hydro- 
sulphuric acid is added, the fluid loses its color, and a further separation of sulphur 
takes place, the iodine being converted into hydriodie acid. Iodic acid combined with 
bases is also decomposed by hydrosulphurie acid. sSulphurous acid throws down 
IODINE, which upon addition of an excess of the acid is converted into hydriodic 


acid. 
Second Division of the First Group of tke Inorganie Acids. 


SULPHURIC Acıp (SO,). 
. 8 140. 


1. AnHYDROUS SULPHURIC AcıD is a white feathery-crystalline 
mass which emits strong fumes upon exposure to the air; HYDRATED 
SULPHURIC AcıD (which contains rather more water than corresponds 
to the formula HO,SO,) forms an oily liquid, colorless and transparent 
like water. Both the anhydrous and hydrated acid char organie 
substances, and combine with water in all proportions, the process of 
combination being attended with considerable elevation of temperature, 
and in the case of the anhydrous acid with a hissing noise. 
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9, The neutral suLrHATEs are readily soluble in water with the 
exception of the sulphates of baryta, strontia, lime, and lead. The 
basic sulphates of the oxides of the heavy metals which are insoluble 
in water dissolve in hydrochlorie acid or in nitrie acid. Most of the 
sulphates are colorless or white. The sulphates of the alkalies are not 
decomposed by ignition. "The other sulphates are acted upon in diffe- 
rent ways by ared heat, some of them being readily decomposed, others 
with difieulty, and some resisting decomposition er 

3, Chloride of barium produces even in exceedingly dilute solutions 
of sulphuric acid and ofthe sulphates a finely-pulverulent, heavy, white 
precipitate of SULPHATE OF BARYTA (Ba 0,8 0,), insoluble in dilute 
hydrochlorie and nitrie acids, From very dilute solutions the preci- 
pitate separates only after standing for some time. Concentrated acids 
and concentrated solutions of many salts impair the delicacy of the 
reaction. 

4. Acetate of lead produces a heavy white precipitate of SULPHATE OF 
ıEeAD (PbO, S O,) which is anal soluble in dilute nitric acid, but 
dissolves completely in hot concentrated hydrochloric acid. 

5. The salts of sulphurie acid with the alkaline earths which are 
insoluble in water and acids are converted into CARBONATES, by fusion 
with alkaline carbonates. But the sulphate oflead is reduced to the 
state of oxınz when treated in this manner. Both the conversion of 
the former into carbonates and the reduction of the latter to the state 
of oxide are attended with the formation of an alkaline sulphate. The 
sulphates of the alkaline earths and sulphate of lead are also resolved 
into insoluble carbonates and soluble alkaline sulphate by digestion or 
boiling with concentrated solutions of carbonates of the alkalies (comp. 
8 95, 96, 97). 

6. Upon fusing sulphates with carbonate of soda on charcoal in the 
inner flame of the blowpipe, or heating them in the stick of charcoal 
(p. 24) in the lower redueing flame, the sulphuric acid is reduced, and 
sulphide of sodium formed, which may be readily recognised by the 
odor of hydrosulphurie acid emitted upon moistening the sample and 
the part of the charcoal into which the fused mass has penetrated, and 
adding some acid. Ifthe fused mass is transferred to a clean silver 
plate, or a polished silver coin, and then moistened with water and 
some acid, a black stain of sulphide of silver is immediately formed. 
(Compounds of tellurium and selenium give the same reaction.) 





Remarks.—The characteristie and exceedingly delicate reaction of 
sulphurie. acid with salts of baryta renders the detection of this acid an 
easier task than that of almost any other. It is simply necessary to 
take care not to confound with sulphate of baryta precipitates of chloride 
of barium, and particularly of nitrate of baryta, which are formed upon 
mixing aqueous solutions of these salts with fluids containing a large 
proportion of free hydrochlorie acid or free nitrie acid. Itis very easy 
to distinguish these precipitates from sulphate of baryta, since they 
redissolve immediately upon diluting the acid fluid with water. It is 
a rule that should never be departed from, in testing for sulphuric 
acid with chloride of barium, to dilute the fluid largely; a little hydro- 
chlorie acid should also be added, which counteracts the adverse 
influence of many salts, as, for instance, citrates of the alkalies. 
Where very minute quantities of sulphuric acid are to be detected the 
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fluid should be allowed to stand several hours at a gentle heat; the trace 
of sulphate of baryta formed will in that case be rund deposited at the 
bottom of the vessel. When the least uncertainty exists about the 
nature of the precipitate produced by chloride of barium in presence of 
hydrochloric acid, the reaction in 6 will at once set all doubt, at rest. 
In looking for very small quantities of sulphurie acid in the presence of 
much hydrochloric or nitrie acid, the greater part of the latter should 
first be evaporated off or neutralized. To detect free sulphuric acid in 
presence of a sulphate the Auid is mixed with a very little cane-sugar, 
and evaporated to dryness in a porcelain dish at 100°. If free sul- 
phuric acid was present a black residue remains, or in the case of most 
minute quantities, a blackish-ereen residue. Other free acids do not 
decompose cane-sugar in this way. 


$ 141. 
Hyororzvosınicre Acın (HF, Si F,). 


Hydrofluosilieie acid is a very acid fluid; upon evaporation on platinum it vola- 
tilizes completely as fluoride of silicon and hydrofluoric acid. When evaporated in 
glass it etches the latter. With bases it forms water and silico-Auorides of the metals, 
which are most of them soluble in water, redden litmus-paper, and are resolved upon 
ignition into metallic fluorides and fluoride of silicon. Ohloride of barium forns a 


erystalline precipitate with hydrofluosilicie acid ($ 95, 6). Chloride of strontium and 


eta ipitates with this. acid. Salts of potassa precipitate trans- 
parent gelatinous SILICO-FLUORIDE OF POTASSIUM ; ammonia in excess precipitates 
HYDRATED SILICIO AcID, with formation of fluoride of ammonium. By heating 
metallic silico-fluorides with concentrated sulphuric acid dense fumes are emitted in 
the air, arising from the evolution of hydrofluoric and silicofluorie gas. If the experi- 
ment is conducted in a platinum vessel covered with glass the fumes ETca the glass 
($ 146, 5) ; the residue contains the sulphates forıned. 


Third Division of the First Group of the Inorganic Aecids. 
$ 142. 
a. PnospHorıc Acın (PO,). 


1. Pmospnorvs is a colorless, transparent, solid body, of 1:84 
speeific gravity; it has a waxy appearance. Taken internally it acts 
as a virulent poison. It fuses at 443°, and boils at 290°. By the in- 
tluence of light phosphorus kept under water turns first yellow, then 
red, and is finally covered with a white crust. Ifphosphorus is exposed 
to the air at the common temperature, it exhales a highly characteristic 
and most disagreeable odor, copious fumes being evolved which are 
luminous in the dark. These fumes are formed by oxidation of the 
vapor of phosphorus, and consist of phosphoric and phosphorous acids. 
When the air is moist, ozone, peroxide of hydrogen and nitrite of 
ammonia are produced at the same time. Phosphorus very readily 
takes fire, burning with a Juminous flame to phosphorie acid, which 
appears in the form of white fumes. By the protracted influence of 
light, or by heating to 250°, phosphorus is converted into a red variety, 
the so-called amorphous phosphorus. In this state it does not alter in 
the air, it is not Juminous, its inflammability is much decreased, and it 
has a specific gravity of 21. Nitrie acid and nitrohydrochloric acid 
' dissolve phosphorus pretty readily upon heating. The solutions con- 
tain at first, besides phosphoric acid, also phosphorous acid. Hydro- 
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chlorie acid does not dissolve phosphorus. If phosphorus is boiled 
with solution of soda or potassa, or with milk of lime, hypophosphites 
and phosphates are formed, whilst spontaneously inflammable phos- 
phuretted hydrogen gas escapes. If a substance containing unoxjdized 
phosphorus is placed at the bottom of a flask, and a slip of paper 
moistened with solution of nitrate of silver isby means of a cork loosely 
inserted into the mouth suspended inside the flask, and a gentle heat 
applied (from 30° to 40°), the paper slip will turn black in consequence 
of the reducing action of the phosphorus fumes, even though only a 
most minute quantity of phosphorus should be present. If after the 
termination of the reaction the blackened part of the paper is boiled 
with water, the undecomposed portion of the silver salt precipitated 
with hydrochloric acid, the fluid filtered, and the filtrate evaporated as 
far as practicable on the water-bath, the presence of phosphoric acid in 
the residue may, be shown by means of the reactions described below. 
(J. SCHERER). It must be borne in mind that the silver salt- is 
blackened also by hydrosulphurie acid, formie acid, volatile products 
of putrefaction, &e.; and also that the detection of phosphorie acid in 
the slip of paper can be of value only where the latter and the filtering 
paper were perfectly free from phosphorus. As regards the deportment 
of phosphorus upon boiling with dilute sulphurie acid, and in a 
hydrogen evolution apparatus supplied with zine and dilute sulphuric 
acid, see $ 227. 

2. Anhydrous PHOSPHORIC Acıpis a white, snowlike mass, which 
rapidly deliquesces in the air. When treated with water it hisses like 
a red-hot iron, and is at first only partially dissolved, in time, however, 
the solution is complete. It forms with water and bases three series 
of compounds, viz., with three equivalents of water or base hydrate of 
tribasie Denn acid or common phosphates; with two equivalents 
of water or base hydrate of pyrophosphoric acid or pyrophosphates; 
with one equivalent of water or base hydrate of metaphosphoric acid 
or metaphosphates. As the meta- and pyrophosphorie acids are of 
comparatively rare occurrence they will be treated less fully in a supple- 
mental paragraph. 

3. The HYDRATE of TRIBASIC PHOSPHORIC AcıDp (BH O,PO,) 
forms colorless and pellucid arystals, which deliquesce rapidly in the 
air to asyrupy non-caustie liquid. The action of heat changes it into 
hydrated meta- or pyrophosphoric acid, according as either one or 
two equivalents of water are expelled. Heated in an open platinum 
dish the hydrate of common phosphorie acid, if pure, volatilizes com- 
pletely, though with difficulty, in white fumes. 

4. The action of heat fails to decompose the TRIBASIC PHOSPHATES 
with fixed bases, but converts them into pyrophosphates if they contain 
one equivalent of basie water or ammonia, and into metaphosphates if 
they contain two equivalents. Of the tribasic phosphates those with 
alkaline base alone are soluble in water, in the neutral state. The 
solutions manifest alkaline reaction. If pyro- or metaphosphates are 
fused with carbonate of soda the fused mass contains the phosphoric 
acid invariably in the tribasiec state. 

5. Chloride of barium produces in aqueous solutions of the neutral or 
basic phosphates of the alkalies, but not in solutions of the hyırate, a 
white precipitate of PHOSPHATE OF BaRyTA (2Ba0,HO PO,; or 

I. N 
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3Ba0,PO0,),* which is soluble in hydrochloric and nitrie acids, but 
sparingly soluble in chloride of ammonium. 

6. Solution of sulphate of lime produces in neutral or alkaline solu- 
tions of phosphates, but not in solutions of the hydrate, a white preci- 
pitate of PHOSPHATE OF LIME (2Ca0,HO,PO,or 3Ca0,PO,), 
which dissolves readily in acids, even in acetie acid, and is soluble also 
in chloride of ammonium. 

7. Sulphate of magnesia produces in concentrated neutral solutions 
of phosphates of the alkalies a white preeipitate of PHOSPHATE OF 
MAGNESIA (2 Mg0,HO,PO,+14agq.), which often separates only after 
some time ; upon boiling, a precipitate of basic salt (3 Mg&0,PO,+5.aq.) 
is tırown down immediately. The latter precipitate forms also upon 
addition of sulphate of magnesia to the solution of a basic alkaline 
phosphate. But if a mixture of sulphate of magnesia and ammonia 
with suflicient chloride of ammonium to redissolve the precipitate of 
hıydrate of magnesia is added to a solution of free phosphoric acid or 
of an alkaline phosphate, a white, crystalline, and quickly sub- 
siding preeipitate of BASIC PHOSPHATE OF MAGNESIA AND AMMONIA 
(2Mg0,NH,0,PO,+12agq.) is formed, even in hiehly dilute solu- 
tions. This preeipitate is insoluble in ammonia and most sparingly 
soluble in chloride of ammonium, but dissolves readily in acids, even 
in acetic acid. It makes its appearance often only after the lapse 
of some time; stirring promotes its separation ($ 98, 8). The re- 
action can be considered decisive only if no arsenic acid is present 
($ 133, 9). 

8. Nitrate of silver throws down from solutions of neutral and basie 
alkaline phosphates a light-yellow precipitate of PHOSPHATE OF SILVER 
(3Ag0,PO,), which is readily soluble in nitric acid and in ammonia. 
If the solution contained a basic phosphate the fluid in which the pre- 
cipitate is suspended manifests a neutral reaction; whilst the reaction 
is acid if the solution contained a neutral phosphate. The acid reaction 
in the latter case arises from the circumstance that the nitrie acid 
receives, for the 3 eg. of oxide of silver which it yields to the phos- 
phorie acid, only 2 eg. of alkali and 1 eq. of water. 

? 9. Ifto. a solution containing phosphoric acid and the least possible 
[ excess of hydrochloric_or nitric.acid.a tolerably large amount of acetate 
\ ofsodais.added, and then a_drop of sesquichloride_ofixan, & yellowish- 
white, flocculent-gelatinous precipitate of PHOSPHATE OF SESQUI- 
OXIDE OF IRON (Fe,O,,PO,+4aq.) is formed. An excess of sesqui- 
chloride of iron must be avoided, as acetate of sesquioxide of iron (of 
red color) would thereby be formed, in which the precipitate is 
not msoluble. This reaction is of importance, as it enables us to 
detect the phosphoric acid in phosphates of the alkaline earths ; but it 

| can be held to be decisive only if no arsenie acid is present, as this 
shows the same reaction. To effect the complete separation of the 
 phosphoriec acid from the alkaline earths, a suficient quantity of sesqui- 
‚ chloride of iron is added to impart a reddish color to the solution, 
\ which is then boiled (whereby the whole of the sesquioxide of iron is 


* Precipitates of the former composition are produced in solutions containing an 
alkaline phosphate with two equivalents of a fixed base or ammonia ; whilst precipi- 
tates of the latter composition are formed in solutions which contain an alkaline phos- 
phate with three equivalents of a fixed base or ammonia, 
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thrown down, partly as phosphate, partly as basic acetate), and filtered 
hot. The filtrate contains the alkaline earths as chlorides. If you 
wish to detect, by means of this reaction, phosphoric acid in presence 
of a large proportion of sesquioxide of iron, boil the hydrochlorie acid 
solution with sulphite of soda until the sesquichloride is reduced to 
protochloride, which reduction is indicated by the decoloration of the 
solution; add carbonate of soda until the Auid is nearly neutral, then 
acetate of soda, and finally one drop of sesquichloride of iron. The 
reason for this proceeding is, that acetate of protoxide of iron does not 
dissolve phosphate of sesquioxide of iron. 

10. If a few c. c.of the solution of molybdate yf ammonia in nitrie acid 
($ 52) are poured into a test tube, and a little ofa fluid is added con- 
taining phosphoric acid in neutral or acid solution, a lieht-yellow finely- 
pulverulent preeipitate forms at once or after a very short time, even 
in the cold, if the quantity of phosphoric acid is not too inconsiderable ; 
this preeipitate speedily subsides to the bottom of the tube, or is depo- 
sited on the sides. With exceedingly minute quantities of phosphoric 
acid, as e.g. 00002 grm., a few hours must be allowed for the manifes- 
tation of the reaction, which should be aided also by applying a gentle 
heat, but not higher than 40°. If no other coloring substances are 
present, the Huid above the precipitate appears colorless.. Never allow 
the quantity of the Huid to be tested to exceed one-third of the quantity 


of the reaeent, and never consider amere yellow coloration to be a 
u apa nun Fofphosphoric-acid. : 


ie yellow precipitate contains MOLYBDIC ACID, AMMONIA, WATER, 
and a little pmospmorıc Acın (about 3 per cent.). As it is insoluble 
in dilute acids only in presence of an excess of molybdic acid, addition 
of phosphoric acid in excess will necessarily altogether prevent its for- 
mation, which should be borne in mind. A large amount of hydro- 
chlorie acid and certain organic substances, e.y. tartaric acid, will 
impede or prevent the preeipitation. The precipitate, after subsiding, 
may be readily recognised even in dark-colored Huids. By washing it 
with the solution of molybdate of ammonia with which the preeipitation 
has been effected, dissolving in ammonia, and adding a mixture of sul- 
phate of magnesia, chloride of ammonium, and ammonia, phosphate of 
magnesia and ammonia is produced. 

By eonducting the operation in the manner above stated, phosphorie 
acid cannot well be confounded with any other acid; since arsenic acid 
gives in the cold no preeipitate with solution of molybdate of ammonia 
in nitric acid, though it gives one upon application of heat, and more 
aspeci -üpon bailimg tee Mund abovethis precipitäte äppears yellow); 
and silicie acıd shows no reaction with it in the cold, and gives only a 


strong yellow coloration on heating, and no precipitate. 









Tl. Ifa finely-powdered substance containing phosphoric acid (or 
a metallic phosphide) is intimately mixed‘ with 5 parts of a Hux con- 
sisting of 3 parts of carbonate of soda, 1 part of nitrate of potassa, and 
1 part of silieie acid, the mixture fused in a platinum spoon or crucible, 
the fused mass boiled with water, the solution obtained decanted, car- 
bonate of ammonia added to it, the fluid boiled again, and the silicie 
acid which is thereby preeipitated filtered off, the filtrate now holds in 
solution alkaline phosphate, and may accordingly be tested for phos- 
phorie acid as directed in 7, 8, 9, or 10. 

12. On igniting and pulverizing a substance containing phosphoric 

N . 
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acid, placing it into a tube of the thickness of a straw and sealed at one 
end, adding a fragment of magnesium wire about two lines long (or a 
small piece of sodium), which should be covered by the sample, and 
then heating, a vivid incandescence will be observed and phosphide of 
magnesium (or of sodium) will be formed. When the black contents 
of the tube are erushed and moistened with water they exhale the 


characteristic odor of phosphuretted hydrogen. (WINKELBLECH, 
Bvunsen.) 

13. White qf egg is not preeipitated by solution of hydrate of tri- 
basic phosphoric acid, nor by solutions of tribasie phosphates mixed 
with acetic acid. 


$ 143. 


a. Bibasic phosphoric acid. The solution of the hydrate 2H O, PO, is converted 
by boiling into solution of the hydrate 3H 0,PO,. The solutions of the salts bear 
heating without suffering decomposition ; but upon boiling with a strong acid the 
phosphoric acid is converied into the tribasic state. If the salts are fused with car- 
bonate of soda in excess tribasie phosphates are produced. Of the neutral pyrophos- 
phates only those with alkaline bases are soluble in water ; the acid salts (e.g., Na O, 
HO, PO,) are by ignition converted into metaphosphates (Na O, PO,). Chloride of 
barium fails to precipitate the free acid ; from solutions of the salts it precipitates white 
PYROPHOSPHATE OF BARYTA (2BaO, PO,), soluble in bydrochlorie acid. Nitrate of 
silver throws down from a solution of tbe hydrate, especially upon addition of an 
alkali, a white, earthy-looking precipitate of PYROPHOSPHATE OF SILVER (2Ag 0, P O,), 
which is soluble in nitrie acid and in ammonia. Sulphate of magnesia preeipitates 
PYROPHOSPHATE OF MAGNESIA (2MgO,PO,). The preeipitate dissolves ia an excess 
of the pyrophosphate, as well as in an excess of the sulphate of magnesia. Ammonia 
fails to precipitate it from these solutions. Upon boiling the solution it separates 
again (means of detecting pyrophosphorie acid in presence of phosphorie acid). A 
concentrated solution of luteo-cobaltic chloride added to an alkaline pyrophosphate 
produces an immediate precipitation of pale reddish-yellow spangles. (Here pyrophos- 
phoric acid differs from phosphoric and metaphosphorie acids, ©. D. Braun.) White 
of egg is not precipitated by solution of the hydrate nor by solutions of the salts mixed 
with acetic acid. Molybdate of ammonia, with addition of nitrie acid, fails to produce 
a precipitate. 

ß. Monobasic phosphorie acid. Five sorts of monobasie phosphates are known, and 
the hydrates also corresponding to most of these have been produced. The several 
reactions by which to distinguish between these I will not enter upon here, and 
cunfine myself to the simple observation that the monobasic phosphoriec acids differ 
from the bibasie and tribasic phosphoric acids in this, that the solutions of the hydrates 
of the monobasic acids precipitate white of egg at once, and the solutions of their salts 
after addition of acetic acid. Those hydrates and salts which are preeipitated by 
nitrate of siiver produce with that reagent a white precipitate. A mixture of sulphate 
of magnesia, chloride of ammonium, and ammonia fails to precipitate the monobasie 
phosphorie acids and their salts, or produces precipitates soluble in chloride of ammo- 
nium. All monobasie phosphates yield upon fusion with carbonate of soda tribasie 
phosphate of soda, 


$ 144. 
b. Boracıc Acıp (BOÖ,). 


1. Boracıc Acıp, in the anhydrous state, is a colorless, fixed 
glass, fusible at ared heat; hydrate of boracie acid (HO,BO,) isa 
porous, white mass; in the crystalline state (H 0, BO, + 2aq.), it 
presents small scaly lamine. It is soluble in water and in spirit of 
wine ; upon evaporating the solutions a large proportion of boracic acid 
volatilizes along with the aqueous and alcoholie vapors. The solutions 
redden litmus-paper, and impart to turmeric-paper a faint brown-red 
tint, which acquires intensity upon drying. Ihe BORATES are not 
decompvsed upon ignition; those with alkaline bases alone are readily 


$ 144.] BORACIC ACID. 181 


soluble in water. The solutions of horates of the alkalies are color- 
less, and all of them, even those of the acid salts, manifest alkaline 
reaction. 

2. Chloride of barium produces in solutions of borates, if not too 
highly dilute, a white precipitate of BORATE OF BARYTA, which is soluble 
in acids and ammoniacal salts. "The formula of this preeipitate, when 
thrown down from solutions of neutral borates, is BaO, BO, +aq.; 
when thrown down from solutions of acid borates, 3Ba0,5B0, + Öag. 
(H. Rosz). 

3. Nitrate of silver produces in concentrated solutions of neutral 
borates of the alkalies a white preeipitate, inelining slightly to yellow 
from admixture of free oxide of silver (AgO0,BO, + HO); in concen- 
trated solutions of acid borates a white precipitate of 3Ag0,4B D.. 
Dilute solutions of borates give with nitrate of silver a brown precipi- 
tate of oxide of silver (H. Rose). All these precipitates dissolve in 
nitrie acid and in ammonia. 

4. If dilute sulphurie acid or hydrochlorie acid is added to highly con- 
centrated, hot prepared solutions of alkaline borates, the BORACIC ACID 
separates upon cooling, in the form of shining erystalline scales. 

5. If alcohol is poured over free boracic acıd or a borate— with addi- 
tion, in the latter case, of a sufficient quantity of concentrated sulphurie acid 
to liberate the boracie acid—and the alcohol is kindled, the flame 
appears of a very distinet YELLOWISH-GREEN color, especially upon 
stirring the mixture; this tint is imparted to the tlame by the boraciec 
acid which volatilizes with the alcohol. The delicaey of this reaction 
may be considerably heightened by heating the dish which contains the 
aleoholig mixture, kindling the alcohol, allowing it to burn for a short 
time, then extinguishing the flame, and afterwards rekindling it. A 
the first flickering of the ame its borders will now appear green, even 
though the quantity of the boracie acid be so minute that it fails to 
produce a perceptible coloring of the flame when treated in the usual 
manner. As salts of copper also impart a green tint to the flame of 
alcohol, the copper which might be present must first be removed by 
means of hydrosulphurie acid. Presence of metallic chlorides also may 
lead to mistakes, as the chloride of ethyle formed in that case colors the 
borders of the Hame bluish-green. 

6. Ifa solution of boracie acid, or of a borate with an alkali or an 
alkaline earth for base, is mixed with hydrochloric acid to slisht, but 
distinct, aci ion, and a slip.of Türmeric-paperis-half-dipped into it, 
and then dried on a watch-glass at 100°, the-dipped-half-shows a 


peculiar ren_tint (H. Rose). 
‘his reaction is very delicate; care must be taken not to confound 


the characteristic red coloration with the blackish-brown color which 
turmerie-paper acquires when moistened with rather concentrated hydro- 
chlorie acid, and then dried ; nor with the brownish-red coloration which 
sesquichloride of iron, or a hydrochlorie acid solution of molybdate of 
ammonia or of zirconia, gives to turmeric-paper, more particularly upon 
drying. By moistening turmeric-p reddened_by_boracie-aeid-with 
a solution of an alkalı or. lkaline carbonate, the color is changed to 
bluish-black or greenieh-hlue® but a little hydrochlorie acid will at 
once restore the brownish-red color (A. VogEL, H. Lupwis). 

7. I} a substance containing boracie acid is reduced to a fine powder, 
this with addition of a drop of water, mixed with 3 parts of a fux com- 
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posed of 43 parts of bisulphate of potassa and 1 part of finely pulverized 
fuoride of caleium, free from boracic acid, and the paste exposed on the 
loop of a platinum wire in the outer mantle of the Bunsen vas ame, or 
at the apex of the inner fHlame of the blowpipe, Auoride of boron escapes, 
which imparts to the fHame—though only for a few instants—a green 
tint. With readily decomposed compounds the reaction may be ob- 
tained by simply moistening the sample with hydrofluosilicie acid, and 
holding it in the flame. 

8. Boraeic acid or borates, fused with carbonate of soda on the loop 
of a platinum wire, give, when placed in the flame of the speetrum 
apparatus, a spectrum of four well marked lines of equal width, equi- 
distant from each other. B, is brilliant yellowish-green (coinciding 
with Bay), B, is brilliant light-green (coinciding with Ba ß), B, is pale 
bluish-green (nearly coineiding with the blue barium line), B, is blue, 
very pale, close to Sr ö (SImMLER). 


$ 145. 
ec. Oxarıc Acın (0,0, = 0). 


1. The uyDrATE or oxauıc acın (2 H 0, C,O,) is a white powder; 
the CRYSTALLIZED AcıD (2 H 0, C,O, +4 aq.) forms colorless rhombie 
prisms. Both dissolve readily in water and in spirit of wine. By 
heating rapidly in open vessels part of the hydrated acid undergoes 
decomposition, whilst another portion volatilizes unaltered. The fumes 
of the volatilizing acid are very irritating and provoke eoughing. If 
the hydrate is heated in a test-tube part of it sublimes unaltered. 

2. The whole of the oxALATES undergo decomposition ata red heat, 
the oxalie acid being converted into carbonic acid and carbonic oxide. 
The oxalates of the alkalies and of baryta, strontia, and lime are in this 
process converted into carbonates (if pure, and if the heat is gentle, 
almost without separation of charcoal). Oxalate of magnesia is con- 
verted into pure magnesia even by a very gentle red heat. The oxa- 
lates with metallic bases leave either the pure metal or the oxide 
behind, according to the reducibility of the metallic oxide. The alka- 
line oxalates, and also some of the oxalates with metallic bases, are 
soluble in water. 

3. Chloride of barium produces in neutral solutions of alkaline oxa- 
lates a whıte precipitate of oxALATE OF BarYTA (2 Ba 0, C,O, + 2ag.), 
which dissolves very sparingly in water, more readily in water contain- 
ing chloride of ammonium, acetie acid, or oxalic acid, freely in nitric 
acid and in hydrochloric acid; ammonia reprecipitatesit from the latter 
solutions unaltered. 

4. Nitrate of silver produces in solutions of oxalie acid and of alka- 
line oxalates a white precipitate of OXALATE OF SILVER (2 AgO, 0,0,), 
which is readily soluble in concentrated hot nitrie acid and also ın 
ammonia, but dissolves with difhculty in dilute nitrie acid, and is most 
sparingly soluble in water. ß 

5. Lime water and all the soluble salts of Time, and consequently also 
solution af sulphate of lime, produce in even highly dilute solutions of 
oxalie acid or of oxalates of the alkalies, white finely pulverulent pre- 
cipitates of OXALATE OF LIME (2 Ca0, 0,0, +2aq., and occasionally 
2020, 0,0, + 6aq.), which dissolve readily in hydrochloric.acid and i 
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nitrie acid, but are nearly insoluble in oxalic acid and in acetic acid, 
and practically insoluble in water. The presence of salts of ammonıa 
döes not inferfere with the formation of these preeipitates. Addition 
of ammonia considerably promotes the preeipitation of free oxalic acid 
by salts of lime. In highly dilute solutions the precipitate is only 
formed after some time. 

6. IE hydrated oxalic acid or an oxalate, in the dry state, 18 heated 
with an excess of concenfrated sulphuric acid, the latter withdraws from 
the oxalic acid its constitutional water or Dase, and thus causes ts 
decomposition into CARBONIC ACID and CARBONIG OXIDE (0,0,=200 + 
2C0,), the two gases escaping with effervescence. If the quantity 
operated upon is not too minute the carbonic oxide may be kindled ; it 
burns with a blue fame. Should the sulphurie acid aequire a dark color 
in this reaction, this is a proof that the oxalie acid contained some 
organic substance in admixture. 

7. loxalie acid or an oxalate is mixed with finely pulverized binowide 
of manganese (which must be free from carbonates), a little water added 
and a few drops of sulphuric acid, a lively effervescence ensues, caused 
gs CARBONIC AcıD [2 Mn O0, + 0,0,+2380,=2 (Mn 0,50,)+ 

ar oxalates of alkaline earths are boiled with a concentrated solu- 
tion of carbonate of soda, and filtered, the oxalic acid is obtained in the 
filtrate in combination with soda, whilst the precipitate contains the 
base as earbonate. With oxalates containing for their base oxides 
of heavy metals, this operation is not always sure to attain the desired 
object, as many of these oxalates, e.g. oxalate of protoxide of 
nickel, will partially dissolve in the alkaline fluid, with formation of a 
double salt. Metals of this kind should therefore be separated as 
sulphides. 


$ 146. 
d. Hyprorıvorıc Acıp (HF). 


1. Anhydrous HYDROFLUORIC ACID is a colorless corrosive gas, 
which fumes in the air, and is freely absorbed by water. Liquid hydro- 
Auoric acid is distinguished from all other acids by the property of 
dissolving erystallized silieie acid, and also the silicates which are in- 
soluble in hydrochloric acid. Hydrofluosilicie acid and water are formed 
in the process of solution (Si0,+3H F=-SiF,HF+2HO).; With 
metallie oxides hydrofluorie acid forms metallic Huorides and water. 

9. The FLUORIDES of the alkali metals are soluble in water; the 
solutions have an alkaline reaction. The fuorides of the metals of the 
alkaline earths are either insoluble or very dificultly soluble in water. 
Fluoride of aluminium is readily soluble. ° Most of te fluorides of the 
heavy metals are very sparingly soluble in water, as the fluorides of 
copper, lead, and zinc ; many others dissolve in water without difhieulty, 
as the sesquifluoride of iron, protofluoride of tin, and fluoride of mercury. 
Many of the fluorides insoluble or diflicultly soluble in water dissolve ın 
free hydrofluorie acid ; others do not. Most of the fluorides bear igni- 
tion in a crucible without suffering decomposition. 

3, Chloride of barium precipitates aqueous solutions of hydrofluoric 
acid, but much more completely solutions of fluorides of the alkalies. 
The bulky white precipitate of FLUORIDE OF BARIUM (Ba F) is almost 
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absolutely insoluble in water, but dissolves in large quantities of hydro- 
chlorie acid or nitrie acid, from which solutions ammonia fails to preci- 
pitate it, or throws it down only very incompletely, owing to the 
dissolving action ofthe neutral ummonia’salts. 

4. Chloride of ealeium produces in aqueous solutions of hydrofluorie 
acid or of Huorides a gelatinous precipitate of FLUORIDE OF CALCIUM 
(Ca F), which is so transparent as at first to induce the belief that the 
fiuid has remained perfectly clear. Addition Of ammonia promotes the 
complete separation of the precipitate. The precipitate is practically 
insoluble in water, and only very-slightly-soluble-in_hydrochlorie 
acid and _nitric.acid-in-the-eold ; it dissolves somewhat more largely 
upon boiling with hydrochloric acid. Ammonia produces no precipi- 
tate in the solution, or only a very trifling one, as the salt of ammonia 
formed retains it in solution. Fluoride of caleium is scarcely more 
soluble in free hydrofluoric acid than in water. It is insoluble in 
alkaline Auids. 

5. Ifa finely pulverized fluoride, no matter whether soluble or in- 
soluble, is treated in a platinum cerucible with Just enough concentrated 
sulphuric acid to make it intoa thin paste, the erucible covered with 
the convex fuce of a watch-glass of hard glass coated with bees-wax, 
which has been removed again in some places by tracing lines in it with 
a pointed piece of wood, the hollow of the glass filled with water, and 
the crucible gently heated for the space of half an hour or an hour, the 
exposed lines will, upon the removal of the wax, be found more or less 
deeply ETCHED into the glass. (The coatine with wax may be readily 
effected by heating the glass cautiously, putting a small piece of wax 
upon the convex face, and spreading the fused mass equally over it. 
I'heremoval of the wax coating is effected by heating the. glass gently, 
and wiping with a cloth.) If the quantity of hydrofluorie acid dis- 
engaged by the sulphuric acid was very minute, the etching is often 
invisible upon the removal of the wax; it will, however, in such cases 
appear when the glass is breathed upon. This appearance of the etched 
lines is owing to the unequal capacity of condensing water which the 
etched and the untouched parts of the plate respectively possess. The 
impressions which thus appear upon breathing on the glass may, how- 
ever, owe their origin to other causes; therefore, though their non- 
appearance may be held as a proof of the absence of Huorine, their 
appearance is not a positive proof of the presence of that element. At 
all events, they ought only to be considered of value where they can be 
developed again after the glass has been properly washed with water, 
dried, and wiped.* 

This reaction fails if there is too much silieie acid present, or if the 
substance is not decomposed by sulphuric acid. In such cases one of 
the two following methods is resorted to, according to eircumstances. 

Ö. If we have to deal with a fluoride decomposable by sulphurie acid, 


* J. NIckLäs states that etehings on glass may be obtained with all kinds of 
sulphurie acid, and, in fact, with all acids suited to effect evolution of hydrofluoric 
acid. I have tried watch-glasses of Bohemian glass with sulphuric and other acids, 
but cold get no etchings in confirmation of this statement. Still, proper caution 
demands that before using the sulphuric acid, it should first be positively ascertained 
that its fumes will not etch glass. Should the sulphuric acid contain hydrofluorie 
acid, the latter may be easily removed by diluting with an equal volume of water and 
evaporating in a platinum dısh to the original strength. 
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but mixed with a large proportion of silieie acid, the fluorine in it may 
be detected by heating the mixture in a test-tube with concentrated 
sulphuric acid, as FLUOSILICIC GAS IS evolved in this process, which forms 
dense white fumes in moist air. If the gas is conducted into water 
through a bent tube moistened inside, the latter has its transparency 
more or less impaired, owing to the separation of silieie acid. If the 
quantity operated upon is rather considerable, hydrate of silieie acid 
separates in the water, and the fluid is rendered acid by hydrofluosilieic 
acid. 

The following process answers best for the deteetion of small quan- 
tities offluorine. Heat the substance with concentrated sulphurie acid 
ina Hask elosed with a cork with double perforation, bearing two tubes, 
one of which reaches to the bottom of the flask, whilst the other ter- 
minates immediately under the cork. Conduct through the longer tube 
a slow stream of dry air into the flask, and conduct this, upon its re- 
issuing through the other tube, into a U tube containing a little dilute 
ammonia, and connected at the other end with an aspirator. The silico- 
fluoric gas which escapes with the air, decomposes witlı the ammonia, 
more particularly upon the application of a gentle heat towards the end 
of the process, fuoride of ammonium and hydrated silicie acid being 
formed. Filter, evaporate in a platinum crucible to dryness, and 
. examine the residue by 5. For more difhcultly decomposable sub- 
stances bisulphate of potassa is used instead of sulphurie acid, and the 
mixture, to which some marble is added (to ensure a continuous slight 
evolution of gas), heated to fusion, and kept in that state for some time, 

7. Silicates not decomposable by sulphuric acid must first be fused 
with four parts of carbonate of soda and potassa. The fused mass is 
treuted with water, the solution filtered, the filtrate concentrated by 
evaporation, allowed to cool, transferred to a platinum vessel, hydro- 
chlorie acid added to feebly acid reaction, and the Huid allowed to stand 
until the carbonie acid has escaped. It is then supersaturated with am- 
monia, heated, filtered into a bottle, chloride of caleium added to the still 
hot fluid, the bottle closed, and allowed to stand at rest. Ifa precipitate 
separates after some time it is collected on a filter, dried, and examined 
by the method described in 5 (H. RosE). 

8. Minute quantities of metallic fluorides in minerals, slags, &e., may 
also be readily detected by means ot the blowpipe. To this end bend a 
piece of platinum foil, and insert it in.a glass tube as shown in fig. 49, 
introduce the finely triturated sub- 
stance mixed with powdered phosphate 
of soda and ammonia fused on char- 
coal, and let the blowpipe flame play 
upon it so that the products of com- 
bustion may pass into the tube. A metallic fluoride treated in this 
way yields hydrofluoric acid gas, which betrays its presence by its 
pungent odor, the dimming of the glass tube (which becomes percep- 
tible only after cleaning and drying), and the yellow tint which the 
acid air issuing from the tube imparts to a moist slip of Brazil-wood 
paper“ (Berzeuıvs, Smitmson). When silicates containing metallie 
Huorides are treated in this manner gaseous fuoride of silicon is formed, 
which also colors yellow a moist slip of Brazil-wood paper inserted 





* Prepared by moistening slips of fine printing-paper with decoction of Brazil-wood. 
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in the tube, and leads to silieic acid being deposited within the tube. 
After washing and drying the tube, it appears here and there dimmed. 
A small quantity ofa Huoride present in a mineral containing water may 
generally be detected by heating the substance by itselfin a glass tube 
sealed at one end and inserting a slip of Brazil wood paper in the tube; 
under the circumstance the paper will usually turn yellow (BERZELIUS). 


$ 147, 


Recapitulation and remarks—The baryta compounds of the acids of 
the third division are dissolved by hydrochloric acid, apparently without 
decomposition; alkalies therefore reprecipitate them unaltered, by 
neutralizing the hydrochloric acid. The baryta compounds of the acids 
of the first division show, however, the same deportment ; these acids 
must, therefore, if present, be removed before any conclusion regarding 
the presence ofphosphorie acid, boracic acid, oxalic acid, or hydrofluorie 
acid, can be drawn from the reprecipitation of a salt of baryta by 
alkalies. But even leaving this point altogether out of the question no 
great value is to be placed on this reaction, not even so far as the simple 
detection of these acids is concerned, and far less still as regards their 
separation from other acids, since ammonia fails to reprecipitate from 


hıydrochlorie acid solutions the salts of baryta in question, and more | 


particularly the borate of baryta and the Huoride of barium, if the solu- 
tion contains any considerable proportion of free acid or of’ an ammoniacal 
salt. Boracie acid is well characterized by the coloration which it im- 
parts to the flame of alcohol, and also by its action on turmerie-paper. 
The latter reaction is more particularly suited for the detection of very 
minute traces. Oxides of the heavy metals, if present, are most con- 
veniently removed first by hydrosulphuric acid or sulphide ofammonium. 
Before proceeding to concentrate dilute solutions of boracic acid the acid 
must be combined with an alkali, otherwise a large portion of it will 
volatilize with the aqueous vapors. Small quantities ofboracic acid may 
also be safely and easily detected by the spectroscope. The detection 
of phosphorie acid in compounds soluble in water is not difficult ; the re- 
action with sulphate of magnesia, &e., is the best adapted for the pur- 
pose. The detection of phosphoriec acid in insoluble compounds cannot 
be effected by means of magnesia solution. Sesquichloride of iron 
($ 142, 9) is well suited for the detection of phosphorie acid in its salts 
with the alkaline earths, and more particularly for the separation of the 
acid from the alkaline earths; the nitrie acid solution of molybdate of 
ammonia is more especially adapted to effect the detection of phosphorie 
acid in presence ofalumina and sesquioxide ofiron. I must repeat again 
that both these reactions demand the strictest attention to the directions 
given. If present in combination with oxides of the fourth, fifth, or 
sixth group, itmay be separated by the method given$ 142, 11, or by pre- 
cipitating the bases with hydrosulphuric acid or sulphide of ammonıum. 

Oxalie acid may always be easily detected in aqueous solutions of 
oxalates of the alkalies, by solution of sulphate of lime. The formation 
of a finely pulverulent precipitate, insoluble in acetic acid, leaves hardly 
a doubt on the point, as racemie acid alone, which oceurs so very rarely, 
gives the same reaction. In case of doubt the oxalate of lime may be 
readily distinguished from the racemate, by simple ignition,with exclusion 
of air, as the decomposed racemate leaves a considerable proportion of 
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chareoal behind; the racemate dissolves moreover in cold solution of 
potassa or soda, in which oxalate of lime is insoluble. The deportment 
of the oxalates with sulphuric acid, or with binoxide of manganese and 
sulphuric acid, affords also suflicient means to confirm the results of 
other tests. In insoluble salts the oxalic acid is detected most safely by 
decomposing them by boiling with solution of carbonate of soda, or by 
- hydrosulphuric acid or sulphide of ammonium ($ 145, 8). I must 
finally also call attention here to the fact that there are certain soluble 
oxalates which are not precipitated by salts of lime ; these are more par- 
ticularly oxalate of sesquioxide of chromium, and oxalate of sesquioxide 
of iron. Their non-preeipitation is owing to the circumstance that these 
salts form soluble double salts with oxalate of lime. Hydrofluorie acid 
is readily detected in salts decomposable by sulphuric acid; only it must 
be borne in mind that an over large proportion of sulphurie acid impedes 
the free evolution of hydrofluoric gas, and thus impairs the delicacy of 
the reaction; also that the glass cannot be distinetly etched if, instead 
of hydrofluorie gas, Huosilicic gas alone is evolved; and therefore, in tie 
case of compounds abounding in silica, the safer way is to try, besides 
the reaction given $ 146, 5, also the one given in 6. "In silicates which 
are not decomposed by sulphuric acid the presence of Huorine is often 
overlooked, because the analyst omits to examine the compound care- 
fully by the method given in /. 


$ 148. 
PnospHorous Acıp (P O,). 


Anhydrous phosphorous acid is a white powder, which admits of sublimation, and 
burns when heated in the air. It forms with a small proportion of water a thickish 
fluid, which erystallizes by long standing. Heat decumposes it into hydrated phos- 
phoric acid, and phosphuretted hydrogen gas, which does not spontaneously take fire. 
It freely dissolves in water. Of the salts those with alkaline base are readily soluble 
in water, all tlıe others sparingly soluble ; the latter dissolve in dilute acids. All the 
salts are decomposed by ignition into phosphates, which are left behind, and hydrogen, 
or a mixture of hydrogen and phosphuretted hydrogen, which escapes. With nitrate 
of silver separation of metallic silver takes place, more especially upon addition of 
ammonia and application of heat ; with nitrate of suboxide of mercury, under the same 
circumstances, separation of metallic mercury. From chloride of mercury in excess 
phosphorous acid throws down subehloride of mercury after some time, more rapidly 
upon heating. Chloride of barium and chloride of euleium produce in not over-dilute 
solutions of phosphorous acid, upon addition of ammonia, white precipitates, soluble 
in acetic acid. A mixture of sulphate of magnesia, chloride of ammonium, and 
ammonia will precipitate only rather concentrated solutions. Acetate of lead throws 
down white phosphite of lead, insoluble in acetic acid. By heating to boiling with 
sulphurous acid in excess phosphoric acid is formed, attended by separation of sulphur. 
In contact with zine and dilute sulphuric acid phosphorous acid gives a mixture of 
hydrogen with phosphuretted hydrogen, which accordingly fumes in the air, burns 
with an emerald-green color, and preeipitates silver and phosphide of silver from 
solution of nitrate of silver. 


Fourth Division of the First Group of the Inorganie Acids. 
s 149. 


a. Carponıc Acıp (CO,). 


1. CarBon is a solid tasteless and inodorous body. The very 
highest degrees of heat alone can effect its fusion and volatilization 
(Desprerz). Allcarbon is combustible, and yields carbonic acid when 
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burnt with a sufficient supply of oxygen or atmospaeric air. In the 
diamond the carbon is erystallized, transparent, pellucid, exceedingly 
hard, diffieultly combustible; in the form of graphite it is opaque, 
blackish-grey, soft, greasy to the touch, difticultly combustible, and 
stains the fingers; as charcoal produced by the decomposition of organic 
matter it is black, opaque, non-crystalline—sometimes dense, shining, 
and difieultly combustible, and sometimes porous, dull, and readily 
combustible. 

2. CARBONIG AcıD, at the common temperature and common atmo- 
spheric pressure, is a colorless gas of far higher specific gravity than 
atmospheric air, so that it may be poured from one vessel into another. 
It is inodorous, has a sourish taste, and reddens moist litmus-paper ; 
but the red tint disappears again upon drying. Carbonic acid is 
readily absorbed by solution of potassa ; it dissolves pretty copiously 
ın water. 

3. The AQUEoUS SOLUTION OF CARBONIG ACID hasa feebly acid and 
pungent taste; it transiently imparts a red tint to litmus-paper, and 
colors solution of litmus wine-red ; it loses its carbonic acid when 
shaken with air in a half-filled bottle, and more completely still upon 
application of heat. Some of the cARBoNATES lose their carbonie acid 
by ignition ; those with colorless oxides are white or colorless. Of the 
neutral carbonates only those with alkaline bases are soluble in water. 
The solutions manifest a very strong alkaline reaction. Besides the 
carbonates with alkaline bases, those also with an alkaline earth 
for base, and some of those witlı a metallie base, dissolve as acid or 
bicarbonates. 

4. The carbonates are decomposed by all free acids soluble in water, 
with the exception of hydrocyanic acid and hydrosulphuric acid. 
Most carbonates are decomposed in the cold, but several (magnesite, 
for instance) require heat. The decomposition is attended with 
EFFERVESCENCE, the carbonie acid being: disengaged as a colorless 
and inodorous gas, which transiently imparts a reddish tint to litmus- 
paper. It is necessary to apply the decomposing acid in excess, espe- 
cially when operating upon carbonates with alkaline bases, since the 
formation of bicarbonates will frequently prevent effervescence if too 
little of the decomposing acid be added. Substances which it is in- 
tended to test for carbonie acid should first be heated with a little 
water, to prevent any mistake which might arise from the escape of 
air-bubbles upon treating the dry substances with the acid. Where 
there is reason to apprehend the escape of carbonie acid upon boiling 
with water, lime water should be used instead of pure water. If you 
wish to prove that the escaping gas is really carbonic acid, dip a glass 
rod in baryta water and hold it inside the test-tube near the Auid; a 
white pellicle will form on the baryta-water, as is explained in 5. 

9. Lime water and baryta-water, brought into contact with carbonie 
acid or with soluble carbonates, produce white preeipitates of neutral 
CARBONATE OF LIME (Öa O,CO,), or CARBONATE OF BARYTA (Ba, 
CO,). In testing for free carbonie acid the reagents ought always to 
be added in excess, as tlıe acid carbonates of the alkaline earths are 
soluble in water. 'T'he precipitates dissolve in acids, with effervescence, 
and are not reprecipitated from such solutions by ammonia, after the 
complete expulsion of the carbonic acid by ebullition. As lime-water 
dissolves very minute quantities of carbonate of lime, the detection of 
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exceedingly minute traces of @arbonie acid requires the use of a lime- 
water saturated with carbonate of lime by long digestion therewith 
(WELTER, BERTHOLLET). 

6. Ohloride of caleium and chloride of barium immediately produce in 
solutions of neutral alkaline carbonates, precipitates of CARBONATE OF 
LIME or Of CARBONATE OF BARYTA; in dilute solutions of bicarbonates 
these precipitates are formed only upon ebullition ; with free carbonic 
acid these reagents give no precipitate. 


$ 150. 
d. Sınıcıc Acıp (Si 0,). 


1. Sırıcıc Acın is colorless or white, even in the hottest blowpipe 
Aame unalterahle and infusible. It fuses in the flame ofthe oxyhydrogen 
blowpipe. It is met with in the crystalline and the amorphous state. 
It is insoluble in water and acids (with the exception of hydrofluorie 
acid, which dissolves the amorphous variety easily, the erystalline 
variety with more difieulty) ; its hydrate is soluble in water and acids, 
but only at the moment of its separation. The amorphous silieie acid 
and the hydrate dissolve in hot aqueous solutions of potassa and soda 
and their carbonates; but the erystallized acid is insoluble or nearly so 
in these Huids. If either of the two is fused with a caustic alkali or 
alkaline carbonate, a basic silicate of the alkali is obtained, which is 
soluble in water. The sırıcarzs with alkaline bases alone are soluble 
in water. 

9. The solutions of the alkaline silicates are decomposed by all acids. 

If a large proportion of hydrochlorie acid is added at once to even con- 
centrated solutions of alkaline silicates the separated silicie acid remains 
in solution ; but if the hydrochloric acid is added gradually drop by 
drop, whilst stirring the Huid, the greater part of the silicie acid sepa- 
rates as gelatinous hydrate. The more dilute the fluid, the more 
silicie acid remains in solution, and in highly dilute solutions no preci- 
‚itate is formed. If the solution of an eine silicate, mixed with 
hydrochlorie or nitrie acid in excess, is evaporated to dryness silicie 
acid separates in proportion a8 the acid escapes; upon treating the 
residue with hydrochlorie acid and water the silicie acid remains in the 
free state (or, if the temperature was restricted to 100°, as hydrate), as 
an insoluble white powder. Chloride of ammonium produces in not 
over-dilute solutions of alkaline silicates precipitates of hydrate of silieie 
acid (containing alkali). Heating promotes the separation. 

3. Some of the silicates insoluble in water are decomposed by 
hydrochlorie acid or nitrie acid, others are not affected by these acids, 
even upon boiling. In the decomposition of the former the greater 
portion of the silieic acid separates usually as gelatinous, more rarely 
as pulverulent hydrate. To effect the complete separation of the silicie 
acid, the hydrochloric acid solution, with the precipitated hydrate of 
silicic acid suspended in it, is evaporated to dryness, the residue heated 
with stirring, at a uniform temperature above the boiling point of water 
until no more acid fumes escape, then moistened with hydrochlorie acid, 
heated with water, and the fluid containing the bases filtered from the 
residuary insoluble silieic acid. Of the silıcates not decomposed by 
hydrochlorie acid many, e:9:, kaolin, are completely decomposed by 
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heating with a mixture of 8 parts of hydrated sulphuric acid and 3 parts 
of water, the silieie acid being separated in the pulverulent form; many 
others are acted upon to some extent by this reagent. Silicates not 
decomposable by boiling with hydrochlorie or sulphurie acid in the 
open air, may generally be completely decomposed by heating: in a 
state of fine powder with the acids in sealed glass tubes at 200°—210° 
in an air or paraflin bath. 

4. Ifa silicate, reduced to a fine powder, is fused with 4 parts of 
carbonate of potassa and soda until the evolution of carbonic acid has 
ceased, and the fused mass is then boiled with water, the greater part 
of the silicie acid dissolves as alkaline silicate, whilst the alkaline earths, 
the eartlıs proper, (with the exception of alumina and 'berylla, which 
pass more or less completely into the solution), and the heavy metallic 
oxides are left undissolved. If the fused mass is treated with water, 
then, without previous filtration, hydrochlorie or nitrie acid added to 
strongly acid reaction, and the Huid treated as directed in 3, the silieie 
acid is left undissolved, whilst the bases are dissolved. If the powdered 
silicate is fused with 4 parts of hydrate of baryta, the fused mass digested 
with water, with addition of hydrochlorie or nitrie acid, and the acid 
solution treated as directed in 9, the silieic acid separates, and the bases, 
especially also the alkalies, are found in the filtrate. 

5. If hydrofluorie acid, in concentrated aqueous solution or in the 
gaseous state, is made to act upon silieic acid, Auosilicie gas escapes 
(Si0,+2HF=SiF,+2HO); dilute acid dissolves silica to hydrofluo- 
siliie acid (S0,+3HF=SiF,HF+2H0O). Hydrofluorie acid 
acting upon silicates gives rise to the formation of silicofuorides 
(Ca0,Si0,+3HF=SiF,CaF+3H0), which by heating with 
hydrated sulphurie acid are changed to sulphates, with evolution of 
hydrofluorie and fluosilieie gas. If the powdered silicate is mixed with 
3 parts of fluoride of ammonium, or 5 parts of Auoride of calcium in 
powder, the mixture made into a paste with hydrated sulphurie aeid, 
and heat applied (best in the open air) until no more fumes escape, the 
whole of the silieic acid present volatilizes as fluosilicie gas. The 
bases present are found in the residue as sulphates, mixed, if Huoride 
of calcium was used, with sulphate of lime. 

6. On mixing 1 part of finely powdered silica, or a silicate with 
2 parts of powdered cryolite or fHuor spar (free from silica), and 4 or 
5 parts of concentrated sulphuric acid, heating the mixture moderately 
in a platinum erucible, but not allowing it to spurt, and then holding 
close over the surface the loop of a stout platinum wire which has been 
freshly ignited, and now contains a drop ofwater; a pellicle of hydrated 
silieie acid will soon form on the latter from decomposition of the 
escaping fluosilicice gas (BARFOED). 

7. Ifsilicic acid or a silicate is fused with carbonate of soda in the 
loop of a platinum wire FROTHING is observed in the bead owing to 
the evolution of carbonie acid. The bead obtained with pure silicie 
acid is always clear when hot, with silicates when they are rich in 
silieie acid (as the felspathie rocks), the bead is also clear, otherwise 
it is opaque. The clearness of the cold bead depends upon the propor- 
tion between silicic acid, soda, and other bases. 

8. Phosphate of soda and ammonia, in a state of fusicn, fails nearly 
altogether to dissolve silicie acid. If therefore silieie acid or a silicate 
is fused, in small fragments, with phosphate of soda and ammonia on a 
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platinum wire the bases are dissolved, whilst the silieie acid separates 
and Hoats about in the clear bead as a more or less translucent mass, 
exhibiting the shape of the fragment of substance used. 


$ 151. 


Recapitulation and remarks —Free carbonie acid is readily known by 
its reaction with lime-water ; the carbonates are easily detected by the 
evolution of an inodorous gas, when they are treated with acids. 
When operating upon compounds which evolve other ee besides 
carbonic acid, the gas is to be tested with lime-water or baryta-water. 
Silieie acid, both in the free state and in silicates, may usually be 
readily detected by the reaction with phosphate of soda and ammonia. 
It differs moreover from all other bodies in the form in which it is 
always obtained in analyses, by its insolubility in acids (except hydro- 
#uorie acid), and in fusing bisulphate of potassa, and its solubility in 
boiling solutions of alkalies and alkaline carbonates; and from many 
bodies (especially from titanie acid) by completely volatilizing upon 
repeated evaporation in a platinum dish, with hydrofluorie acid (or 
Auoride of ammonium) and sulphuric acid. 


Second Group. 


ACIDS WHICH ARE PRECIPITATED BY NITRATE OF SILVER, BUT NOT 
BY ÜHLORIDE OF BARIUM : Hydrochlorie Acid, Hydrobromie Acid, Hy- 
driodie Acid, Hydrocyanie Acid, Hydroferro- and Hydroferrieyanie Acid, 
Hydrosulphurie Acid (Nitrous Acid, Hypochlorous Acid, Chlorous 
Acid, Hypophosphorous Acid). 


The silver compounds corresponding to the Aydrogen acids are in- 
soluble in dilute nitrie acid. These acids decompose with metallic 
oxides, the metals combining with the chlorine, bromine, iodine, eyano- 
en, or sulphur, whilst the oxygen of thıe metallic oxide forms water 
with the hydrogen of the acid. 


$ 192. 
a. Hyprocnuorıc Acıp (HÜ]). 


1. CuLorine is a heavy yellowish-green gas of a disagreeable and 
suffocating odor, which has a most injurious action upon tlıe respiratory 
organs ; it destroys vegetable colors (litmus, indigo-blue, &e.) ; it is not 
inlammable, and’ supports the combustion offew bodies only. Minutely- 
divided antimony, tin, &c., spontaneously ignite in it, and are converted 
into chlorides. It dissolves pretty freely in water; the chlorine water 
formed has a faint yellowish-green color, smells strongly of the gas, 
bleaches vegetable colors, is decomposed by the action of light ($ 29), 
and loses its smell when shaken with mercury, the latter being con- 
verted into a mixture of subchloride and metal. Small quantities of 
free chlorine may be readily detected in a fluid by the red color im- 
parted to a mixture of sulphocyanide of potassium and protosalt of iron, 
or—in the absence of nitrous acidd—by the blue color imparted to a mix- 
ture of starch paste and iodide of potassium (see $ 154, 9). 


192 _  HYDROCHLORIC ACID. [$ 152. 


2. HyprocnLonic AcıD, at the common temperature and common 
atmospherie pressure, is a colorless gas, which forms dense fumes in the 
air, is suffocating and very irritant, and dissolves in water with exceeding 
facility. The concentrated solution (fuming hydrochloric acid) loses a 
large portion of its gas upon heating. 

3. The neutral METALLIC CHLORIDES are readily soluble in water, 
with the exception of chloride of lead, chloride of silver, and subchloride 
of mercury ; most of the chlorides are white or colorless. Many of them 
volatilize ata high temperature, without suffering decomposition ; others 
are decomposed upon ignition, and many ofthem are fixed at a moderate 
red heat. 

4. Nitrate of silver produces in even highly dilute solutions of free 
hydrochlorie acid or of metallic chlorides white precipitates of cHLoRIDE 
OF SILVER (Ag Cl), which upon exposure to licht change first to violet, 
then to black ; they are insoluble in dilute nitrie acid, but dissolve readily 
in ammonia as well as in cyanide of potassium, and fuse without decom- 
position when heated. (Compare $ 115, 7.) 

5. Nitrate of suboxide of mercury and acetate of lead produce in solu- 
tions containing free hydrochloric acid or metallic chlorides preeipitates 
of SUBCHLORIDE OF MERCURY (Hg, Cl) and CHLORIDE OF LEAD 
(Pb Cl. For the properties of these precipitates see $ 116, 6, and 
u 37: 

6. If hydrochlorie acid is heated with Dinoxide af manganese, or a 
chloride with binowide of manganese and sulphurie acid, CHLORINE is 
evolved, which may be readily recognised by its odor, its yellowish- 
green color, and its bleaching action upon vegetable colors. The best 
way of testing the latter is to expose to the gas a moist slip of litmus- 
paper, or of paper coloured with solution of indigo. 

7. If a metallic chloride is triturated with chromate of potassa, the dry 
mixture treated with concentrated sulphurie acid in a tubulated retort, and 
a gentle heat applied, a deep brownish-red gas is copiously evolved 
(CHLOROCHROMIC ACID, Cr Ö,C]), which condenses into a fluid of the 
same color, and passes into the receiver. If this distillate is mixed with 
ammonia in excess, a yellow-colored liquid is produced, from the for- 
mation of chromate of ammonia (Cr 0, C1+2NH,O=NH,CI+NH, 
0,CrO,). Upon addition of an acid the color of the solution changes 
to a reddish-yellow, owing to the formation of acid chromate of am- 
monia. 

8. In the metallic chlorides insoluble in water and nitrie acid the 
chlorine is detected by fusing them with carbonate of soda and potassa, 
and treating the fused mass with water, which will dissolve, besides the 
excess of the alkaline carbonate, the chloride of the alkali metal formed 
in the process. 

9. Ifin a bead of phosphate of soda and ammonia on a platinum wire 
oxide of copper be dissolved in the outer blowpipe Hame in suflicient 
quantity to make the mass nearly opaque, a trace ofa substance contain- 
ing chlorine added to it while still in fusion, and the bead then exposed 
to the reducing flame, a fine BLUE-COLORED flame, incliningto PURPLE, 
will be seen encireling it so long as chlorine is present (BERZELIUS.) 
With respect to the spectrum of chloride of copper, compare $ 157. 
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$ 153. 
d. Hyprosromiıc Acıp (H Br). 


1. Bromine is a heavy reddish-brown fluid of a very disagreeable 
chlorine-like odor;; it boils at 63°, and volatilizes rapidly even at the 
common temperature. The vapor is brownish-red. Bromine bleaches 
vegetable colors like chlorine ; it is pretty soluble in water, but dissolves 
more readily in alcohol, and very freely in ether. The solutions are 
yellowish-red. 

2. HYDROBROMIG ACID GAS, itS AQUEOUS SOLUTION, and tlıe 
METALLIC BROMIDES offer in their general deportment a great analogy 
to the corresponding chlorides. 

3. Nitrate of silver produces in aqueous solutions of hydrobromie acid 
or of bromides a yellowish-white precipitate of BROMIDE OF SILVER 
(Ag Br), which changes to gray upon exposure to light ; this precipitate 
is insoluble in dilute nitrie acid, and somewhat sparingly soluble in 
ammonia, but dissolves with facility in eyanide of potassium. 

4. Nitrate of protoxide of palladium, but not protochloride of palla- 
dium, produces in neutral solutions of metallie bromides a reddish-brown 
precipitate of PROTOBROMIDE OF PALLADIUM. In’concentrated solu- 
tions this preeipitate is formed immediately ; in dilute solutions it makes 
its appearance only after standing some time. 

5. Nitrie acid decomposes hydrobromic acid and the bromides, with 
the exception of bromide of silver and bromide of mercury, upon the 
application of heat, and liberates the bromine, by oxidizing the hydrogen 
or the metal. In the case of a solution, the liberated bromine colors it 
yellow or yellowish-red. With bromides in the solid state or in con- 
centrated solution, brownish-red (if diluted, brownish-yellow) vapors of 
bromine gas escape at the same time, which, if evolved in suflicient 
quantity, condense in the cold part of the test-tube to small drops. 
In the cold, nitric acid, even the red fuming,, fails to liberate the bromine 
in very dilute solutions of bromides, nor is it liberated by solution of 
hyponitric acid in hydrated sulphurie acid, or by hydrochloric acid and 
nitrite of potassa. 

6. Chlorine, in the gaseous state or in solution, immediately liberates 
bromine in the solutions ofits compounds; the fluid assuming a yel- 
lowish-red tint if the quantity of the bromine present is not too minute. 
A large excess of chlorine must be avoided, since this will cause forma- 
tion of chloride of bromine, which will destroy the color wholly or 
nearly so. This reaction is made much more delicate by addition of a 
fluid which dissolves bromine and does not mix with water, as sulphide 
of carbon or chloroform. Mix the neutral or feebly acid solution in a 
test-tube with a little of one of these fluids, suflicient to form a large 
drop at the bottom, then add dilute chlorine-water drop by drop, and 
Ace the tube. With appreciable quantities of bromine, e.g. 1 part in 
1000 parts of water, the drop at the bottom acquires a reddish-yellow 
tint; with very minute quantities (1 part of bromine in 30,000 parts of 
water), a pale yellow tint, which, however, is still distinetly discernible. 
Ether was formerly used for this reaction ; this agent is by no means 
so well suited for it. A large excess of chlorine-water must be avoided 
in this experiment also, and it must always be ascertained first whether 
the chlorine-water, mixed with a large quantity of water and some 

I. 0 
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sulphide of carbon or chloroform, and shaken, will leave these reagents 
quite uncolored. If not, the chlorine-water is not suited for the intended 
purpose. Ifthe solution of bromine in sulphide of carbon or chloroform 
(or ether) is mixed with some solution of potassa, the mixture shaken, 
and heat applied, the yellow color disappears, and the solution now con- 
tains bromide of potassium and bromate ofpotassa. By evaporation and 
ignition the bromate of potassa is converted into bromide of potassium, 
and the ignited mass may then be further tested as directed in 7. 

7. I£ bromides are heated with binowide of manganese and hydrated 
sulphuric acid, BROWNISH-RED VATORS OF BROMINE are evolved. 
Presence of chlorides in large proportion is not favourable to the re- 
action and requires addition of some water, and the sulphuric acid to be 
added gradually in very small quantities. If the bromine is present only 
in very minute quantity, the color ofthese vapors is not visible. But 
if the mixture is heated in a small retort, and the evolved vapors are 
transmitted through a long glass condenser, the color of the bromine 
vapors may generally be seen by looking lengthways through the tube, 
and the first drops of the distillate are also re yellow. The first 
vapors and the first drops of the distillate should be received in a test- 
tube containing some starch moistened with water ; since 

8. If moistened starch is brought into contact with free bromine, 
more especially in form of vapor, YELLOW BROMIDE OF STARCH-IS 
formed. The coloration is not always instantaneous. The reaction is 
rendered most delicate by sealing the test-tube which contains the 
moistened starch and the Est drops of the distillate from 7, and then 
cautiously inverting it, so as to cause the moist starch to occupy the 
upper part of the tube whilst the fluid occupies the bottom. The 
presence of even the slightest trace of bromine will now, in the course 
offrom twelve to twenty-four hours, impart a yellow tint to the starch, 
which, however, after some time, will again disappear. The reaction 
may be called forth in a simple manner, almost with the same degree of 
delicacy, by gently heating the fluid containing free bromine, or also 
the original mixture of bromide, binoxide of manganese, and sulphuric 
acid, in a very small beaker, covered with a watch-glass with a slip of 
paper attached to the lower side, moistened with starch. paste, and 
sprinkled with starch powder. 

9. Ifsulphurie acid is poured over a mixture of a bromide with ehro- 
mate of potassa, and heat is then applied, a brownish-red gas is evolved, 
exactly as in the case of chlorides. But this gas consists of pure BRO- 
MINE, and therefore the fluid passing over does not turn yellow, but 
becomes colorless upon supersaturation with ammonia. 

10. Ifa solution of hydrobromic acid or a bromide is mixed with a 
little ehloride of gold a straw color or dark orange color is produced from 
the formation of BROMIDE OF GOLD. Ifiodine is present it must be re- 
moved before the solution of gold is added (Bırr). 

11. In the metallic bromides which are insoluble in water and nitrie 
acid, the bromine is detected in the same way as tlie chlorine in the 
corresponding chlorides. 

12. If a substance containing bromine is added to a phosphate qf soda 
and ammonia bead saturated with owide of copper, and the bead is then ignited 
in the inner blowpipe flame, the flame is colored BLUE, inclining to 
GREEN, more particularly at the edges (BERzELIUS). Witlı regard to 
the spectrum of bromide of copper see $ 157. 
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s 154. 
e. Hyprıopıc Acıp (HI). 


1. Iopıne isa solid soft body of a peculiarly disagreeable odor. It 
is generally seen in the form of black, shining, erystalline scales. It 
fuses at a gentle heat ; at a somewhat hicher temperature itis converted 
into vapor, which has a beautiful violet-blue color, and condenses upon 
cooling to a black sublimate. It is very sparingly soluble in water, but 
readily in alcohol and ether, as well as in solution of iodide of potassium. 
The aqueous solution is light-brown, the alcoholie, ethereal, and iodide of 
potassium solutions are deep red-brown. Iodine destroys vegetable 
colors only slowly and imperfectly ; it stains the skin brown ; with starch 
it forms a’compound öf an intensely deep blue color. This compound 
is formed invariably where iodine vapor or a solution containing free 
iodine comes in contact with starch, best with starch-paste. It is de- 
composed by alkalies, by chlorine and bromine, and by sulphurous acid 
and other reducing agents. 

2. Hyprıopıc acıp Gas resembles hydrochlorie and hydrobromic 
acid gas; it dissolves copiously in water. The colorless hydrated hydri- 
odie acid turns speedily to a reddish-brown in contact with the air, 
water being formed, and a solution of iodine in hydriodie acid. 

3. The 1onıpes also correspond in many respects with the chlorides. 
Of the iodides of the heavy metals, however, many more are insoluble 
in water than is the case with the corresponding chlorides. Many 
iodides have characteristie colors, e.g. iodide oflead, subiodide and iodide 
of mercury. 

4. Nitrate of silver produces in aqueous solutions of hydriodie acid 
and of iodides ee preeipitates of IODIDE OFSILVER (Ag), 
which blacken on exposure to light; these precipitates are insoluble in 
dilute nitrie acid, and very sparingly soluble in ammonia, but dissolve 
readily in cyanide of potassium. 

5. Protochloride of palladium and nitrate of protoxide of palladium pro- 
duce even in very dilute solutions of hydriodie acid or metallic iodides, 
a brownish-black precipitate of PROTIODIDE OF PALLADIUM, which 
dissolves to a trifling extent in saline solutions (chloride of sodium, 
chloride of magnesium, &e.), but is insoluble or nearly so in dilute 
cold hydrochlorie and nitrie acids. 

6. A solution of 1 part of sulphate af copper and 24 parts of sulphate 
of protoxide of iron throws down from neutral aqueous solutions of the 
iodides SUBIODIDE OF COPPER (Cu, I),in the form of a dirty white 
preeipitate. The addition of ammonia promotes the complete precipi- 
tation of the iodine. Chlorides and bromides are not precipitated by 
this reagent. Instead of using the mixture of sulphates, sulphate of 
copper alone may be added, and afterwards enough sulphurous acid to 
remove the brown colour produced by separated iodine. 

7. Pure nitrie acid, free from nitrous acid, decomposes hydriodie acid 
or iodides only when acting upon them in its concentrated form, par- 
ticularly when aided by the application of heat. But nitrous acid and 
_ Iyponitrie acid decompose hydriodie acid and iodides with the greatest 
facility even in the most dilute solutions. Colorless solutions of iodides 
therefore acquire immediately a brownish-red color upon addition of 


some red fuming nitrie acid, or of — of this with conceutrated 
0x 
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sulphuric acid, or, better still, upon addition of a solution of hyponitrie 
acid in hydrated sulphurie acid, or of nitrite of potassa and some sul- 
phuric or hydrochlorie acid. From more concentrated solutions the 
iodine separates in the form of black scales, whilst nitric oxide and 
iodine vapor escape. 

8. As the blue coloration of iodide of starch remains visible in 
much more highly dilute solutions than the yellow color of solution of 
iodine in water, the delicacy of the reaction just now described (7) is 
considerably heightened by mixing the fluid to be tested for iodine 
first with some thin tolerably clear starch-paste, then adding a few 
drops of dilute sulphurie acid, to make the fluid strongly acid, and 
finally one of the reagents given in 7. Of the solution of hyponitrie 
acid in sulphuric acid a single drop on a glass rod suflices to produce 
the reaction most distinctly. I can therefore strongly recommend this 
reagent, which was first proposed by Orro. Red fuming nitrie acid 
must be added in somewhat larger quantity, to call forth the reaction 
in its highest intensity; this reagent therefore is not well adapted to 
detect very minute quantities of iodine. The reaction with nitrite of 
potassa also is very delicate. The fluid to be tested is mixed with 
dilute sulphurie acid or with hydrochlorie acid to distinetly acid re- 
action, and adrop or two of a concentrated solution of nitrite of potassa 
is then added. In cases where the quantity of iodine present is very 
minute the fluid turns reddish, instead of blue. An excess of the fluid 
containing nitrous acid or hyponitrie acid does not materially impair 
tlıe delicacy of the reaction. As iodide of starch dissolves in hot water 
;o a colorless liquid, the fluids must of necessity be cold; the colder 
hey are the more delicate the reaction. To attain the highest degree of 
delicacy, cool the fluid with ice, let the starch deposit, and place 
the ei upon white paper to obserge the reaction (compare also 
8157). 

9. Chlorine gas and chlorine-water decompose eompounds of iodine 
also, setting the iodine free; but if the chlorine is applied in excess the 
liberated iodine combines with it to colorless chloride of iodine. A 
dilute solution of the metallic iodide, mixed with starch-paste, acıuires 
therefore upon addition of a little chlorine-water at once a blue tint, 
but becomes colorless again upon addition . of more chlorine-water. 
As it is therefore dificult not to exceed the proper limit, especially 
where the quantity of iodine present is only small, chlorine-water ıs 
not well-adapted for the detection of minute quantities of iodine. 

10. Ifa solution containing hydriodic acid or an iodide is mixed 
with chloraform or sulphide of carbon, so as to leave a few drops undis- 
solved, and one of the agents by which iodine is liberated (a drop of a 
solution of hyponitrie acid in sulphurie acid—hydrochlorie acid and 
nitrite of potassa—chlorine-water, &c.) is added, the mixture vigorously 
shaken, and then allowed to stand at rest, the chloroform or the sulphide 
of carbon, colored a deeper or lighter violet-red by the iodine dissolved. 
in it, subsides to the bottom. "This reaction also is exceedingly delicate. 
If a solution containing free iodine is shaken with petroleum, benzol, or 
ether, the two former are colored red, the ether reddish-brown or yellow. 
Iodine colors ether much more intensely than an equal quantity of 
bromine. 

11. If metallic iodides are heated with concentrated sulphuric acid, 
or with swlphurie acid and binowide of manganese, or with sulphurie acid 
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and chromate of potassa, or with sesquichloride of iron and a little hydrochlorie 
acid, iodine separates, which may be known by the color of its vapor, 
orin the case of very minute quantities, by its action upon a slip of 
paper coated with starch-paste. 

12. The iodides which are insoluble in water and nitrie acid comport 
themselves upon fusion with carbonate of soda and potassa in the same 
manner as the corresponding chlorides. 

13. A phosphate of soda and ammonia bead saturated with owide of 
copper, when touched with a substance containing iodine, and ignited 
in the inner blowpipe flame, imparts an intense GREEN color to the 
flame. With regard to the spectrum of iodide of copper see $ 157. 


$ 155. 
d. Hyporocyanıc Acıp (HCy). 


1. Cranogen is a colorless gas of a peculiar penetrating odor; it 
burns with a crimson flame, and is pretty soluble in water. 

2. Hyprocyanıc AcıD is a colorless, volatile, inlammable liquid, 
the odor of which distantly resembles that of bitter almonds; it is 
miscible with water in all proportions; in the pure state it speedily 
suffers decomposition. It is extremely poisonous. 

3. The cyAnIDEs with alkalies and alkaline earths are soluble in 
‚water; the solutions smell of hydroeyanic acid. They are readily 
decomposed by acids, even by carbonie acid. Cyanides of potassium 
and sodium are not decomposed by fusion if air is excluded; when 
fused with oxides of lead, copper, antimony, tin, &ec., they reduce 
these oxides, and are converted into cyanates. Only a few of the 
cyanides with heavy metals are soluble in water; all of them are 
decomposed by ignition, the cyanides of the noble metals being con- 
verted into cyanogen gas and metal, the cyanides of the other heavy 
metals into nitrogen gas and metallic carbides. Many of the eyanides 
with heavy metals are not decomposed by dilute oxygen acids, and only 
with difieulty by concentrated nitrie acid. By heating and evapora- 
tion with concentrated sulphuric acid all cyanides are decomposed ; 
hydrochlorie acid decomposes a few of them; hydrosulphuric acid 
decomposes many cyanides. 

4. The cyanınes have a great tendency to combine with each other ; 
hence most of the cyanides of the heavy metals dissolve in cyanide of 
potassium. The resulting compounds are either: 

a. True double salts, compounds of the second order, e.g., KCy + 
NiCy. From solutions of such double salts acids, by decomposing the 
cyanide of potassium, precipitate the metallic cyanide which was com- 
bined with it.—Or, 

b. Simple haloid salts, compounds of the first order, in which a 
metal e.g., potassium, is combined with a compound radical consisting 
of cyanogen and another metal (iron, cobalt, manganese, chromium). 
The ferro- and the ferricyanide of potassium, (K,Cy,Feor K, Cfy and 
K,Cy,Fe, or K,Cfdy,) and cobaltieyanide of potassium, (K, Cy,Co,), 
are compounds of this kind. From solutions of compounds of this nature 
dilute acids do not separate metallic cyanides in the cold. If the 
potassium is replaced by hydrogen, peculiar hydrogen acids are formed, 
which must not be confounded with hydrocyanic acid, 
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We will now first consider the reactions of hydrocyanic acid and the 
simple cyanides, then, in an appendix to this paragraph, those of 
hydroferro- and hydroferrieyanic acid. 

5. Nitrate of silver produces in solutions of free hydroeyanic acid and 
of cyanides of the alkali metals white precipitates of CYANIDE OF 
SILVER (Ag Cy), which are readily soluble in cyanide of potassium, 
dissolve with some dificulty in ammonia, and are insoluble in dilute 
nitric acid; these precipitates are decomposed by ignition, leaving 
metallic silver with some paracyanide of silver. 

6. If a solution of sulphate of protowide of iron and a few drops of 
sesquichloride of iron are added to a solution of free hydrocyanic acid no 
alteration takes place; but if solution of potassa or soda is now added a 
bluish-green precipitate forms, which consists of a mixture of Prussian- 
blue (Fe, Cfy,), and hydrate of protosesquioxide of iron. Upon now _ 
adding hydrochlorie acid (best after previous application of heat) the® 
hydrate of protosesquioxide of iron dissolves, whilst the Prussian- 
BLUE remains undissolved. If only a very minute quantity of hydro- 
eyanic acid is present the Auid simply appears green after the addition 
of the hydrochlorie acid, and it is only after long standing that a 
tritling blue ‚precipitate separates from it. The same final reaction is 
observed when a mixture of protosalt and persalt of iron is mixed 
ie - solution of an alkaline cyanide, and hydrochloric acid is then 
added. 

7. Ifaliquid containing a little hydrocyanie acid or cyanide of potas- 
sium is mixed with suflicient yellow sulphide of ammonium to impart a 
yellowish tint to the fluid, then with a little ammonia, and the mixture 
is warmed in a porcelain dish, with renewal of the water if necessary, 
until it has become colorless, and the excess of sulphide of ammonium is 
decomposed or volatilized, the fluid contains now sulphocyanide of 
ammonium, and after being acidified with hydrochlorie acıd (which 
must not be attended with disengagement of hydrosulphurie gas), 
acquires a blood-red tint upon addition of sesquichloride of iron 
(v. Lıesıe). This reaction is exceedingly delicate. The following 
formula expresses the transformation of hydrocyanie acid into sulpho- 
eyanide of ammonium:NH,8,+2(NH,0)+2H Cy=2(NH,CyS,)+ 
NH,S+2HO0. Ifan acetate is present the reaction takes place only 
upon addition of more hydrochlorie acid. To discover the cyanogen 
in insoluble compounds by converting it into sulphocyanide of iron you 
may proceed as follows:—Fuse some hyposulphite of soda in the 
loop ofa platinum wire till the water of crystallization has escaped, 
and the mass swells out, dip it in the substance, heat for a little time, 
removing it from the flame as soon as the sulphur begins to burn, and 
then dip the mass in a few drops of ferrie chloride mixed with a little 
hydrochlorie acid. A permanent blood-red color will be produced. If 
the substance is heated too long the reaction fails, as the sulphocyanide 
of sodium formed is then destroyed again. This method is well suited 
to distinguish chloride, bromide, or iodide of silver from eyanide of 
silver (A. FrRöHDE). 

8. On mixing a moderately concentrated solution of an alkaline 
eyanide with a little pierie acıd solution (1 of pierie acid to 250 of 
water) and boiling, the fluid appears dark-red from formation of 
pierocyanate of potassa, tlıe coloration increasing in intensity by stand- 
ing. Ifthe solution of the alkaline cyanide is very dilute, no more 
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pierie acid must be added than is sufficient just to color the fluid lemon- 
yellow. After boiling, the red coloration often does not make its 
appearance till the Huid has cooled and stood some time. 'I'he reaction 
is very delicate (©. D. Braun). 

9. On saturating filter paper with freshly prepared tinceture of 
guaiacum containing 3 or 4 per cent. of the resin, allowing the alcohol 
to evaporate, moistening the paper with solution of sulphate of copper 
containing 4 per cent. of the salt, and then exposing it to air, in which 
a trace of hydrocyanic acid is present, it becomes blue from a separation 
of active oxygen. 3Cu0O+2HCy = Cu,Cy, Cu Cy+2H0 +0 
(PAGENSTECHER, SCHÖNBEIN). 

10. If a very dilute solution of iodide of starch is mixed with a 
trace of hydroeyanie acid, or after addition of dilute sulphurie acid, 
with a trace of an alkaline cyanide, the blue color will disappear 
immediately, or after a short time, the iodine and the hydrocyanic acid 
being transformed into iodide of cyanogen and hydriodie acid 
(ScHöngeın). This is a very delieate reaction, but cannot be relied 
upon without further tests, as many other substances decolorize iodide 
of starch. 

11. Neither of the above methods will serve to effect the detection 
of cyanogen in cyanide of mercury. To deteet cyanogen in that 
compound the solution is mixed with hydrosulphurie acid: sulphide of 
mercury precipitates, and the solution contains free hydrocyanie acid. 
In solid eyanide of mercury the cyanogen is most readily detected by 
heating in a glass tube. (Compare 3.) 


Appendix. 


a. Hydroferroeyanic acid (H,Cfy). Hydroferroeyanic acid is soluble 
in water. Some of the ferrocyanides, as those containing metals of the 
alkalies and alkaline earths, are soluble in water; but the greater part 
ofthem are insoluble in that menstruum. All the ferrocyanides are 
decomposed by ignition; where they are not quite anhydrous, hydro- 
eyanic acid, carbonic acid, and ammonia escape, otherwise nitrogen and 
occasionally cyanogen. In solutions of hydroferrocyanic acid or of 
soluble ferrocyanides sesquichloride af iron produces a blue precipitate of 
FERROCYANIDE OF IRON (Fe, Cfy,); sulphate of copper a brownish-red 
precipitate of FERROCYANIDE OF COPPER (Cu, Oty); nitrate of silver a 
white precipitate of FERROCYANIDE OF SILVER (Ag, Cfy), which is 
insoluble in nitric acid and in ammonia, but dissolves in cyanide of 
potassium. Ifa not too dilute solution of an alkaline ferrocyanide is 
mixed with Aydrochlorie acid, and some ether is poured on the top of the 
mixture, HYDROFERROCYANIC ACID will separate in the crystalline 
form where the two fluids meet. Insoluble ferroeyanides are de- 
composed by boiling with solution of soda, ferrocyanide of sodium 
being formed, and the oxides thrown down, unless they are soluble 
in soda. Ifferrocyanides are heated with a mixture of 3 parts con- 
centrated sulphuric acid, and 1 part water, till the free acid is ex- 
pelled, they are decomposed, and the cyanogen is driven off in the 
form of hydrocyanie acid; the metals remain behind as sulphates. On 
projecting metallic cyanides into fusing nitrate of potassa, the cyanogen 
is converted into carbonic acid and nitrogen, and the metals are con- 
verted into oxides, which remain in the crucible 
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. 9. Hydroferrieyanic acid (H,Ctdy). Hydroferrieyanic acid and many 
of the ferrieyanides are soluble in water; all ferricyanides are de- 
composed by ignition like the ferrocyanides. In the aqueous solutions 
of hydroferrieyanic acid and its salts sesquichloride of iron produces no 
blue preeipitate; but sulphate of protoxide of iron produces a blue pre- 
"ipitate of PROTOFERRICYANIDE OF IRON (3 Fe, Cfdy); sulphate of 
‘opper a yellowish green precipitate of FERRICYANIDE OF COPPER 
‚3 Cu, Cfdy), which is insoluble in hydrochloric acid; nitrate of silver 
an orange-colored precipitate of FERRICYANIDE OF SILVER (3 Ag, Ofdy), 
which is insoluble in nitrie acid, but dissolves readily in ammonia and 
in ae of potassium. The insoluble ferrieyanides are decomposed 
by boiling with solution of soda, the metallic oxides being thrown 
down; in the fluid filtered off from them either ferricyanide of sodium 
alone is found, or a mixture of ferro- with ferrieyanide of sodium. By 
heating with a mixture of 3 parts concentrated sulphuric acid, and 
1 part water, and also by fusing with nitrate of potassa, the ferri- 
cyanides are decomposed like the ferrocyanides, 


$ 156. 
e. HyprosuvLpnvrıc Acıp (HS). 


1. SuLpaur is a solid, brittle, friable, tasteless body, insoluble in 
water. It occurs occasionally in the form of yellow or brownish 
crystals, or erystalline masses of a yellow or brownish color, and occa- 
sionally in that of a yellow or yellowish-white, or grayish-white powder. 
It melts at a moderate heat; upon the application of a stronger heat it 
is converted into brownish yellow vapors, which in cold air condense to 
a yellow powder, and on the sides of the vessel to drops. Heated in 
the air it burns with bluish flame to sulphurous acid, which betrays its 
presence at once by its suffocating odor. Concentrated nitrie acid, 
nitrohydrochloric acid, and a mixture of chlorate of potassa and hydro- 
chlorie acid dissolve sulphur gradually, with the aid of a moderate 
heat, and convert it into sulphuric acid; in boiling solution of soda 
sulphur dissolves to a yellow fluid, which contains sulphide of sodium 
and hyposulphite of soda; in cold ammonia it is insoluble, in warm 
ammonia it dissolves to a small extent. Sulphide of carbon dissolves 
the ordinary variety of sulphur with ease, but there is a kind which is 
insoluble in this ımenstruum, 

2. HYDROSULPHURIG AcıD, at the common temperature, and under 
common atmospheric pressure, is a colorless inflammable gas, soluble in 
water, readily recognised by its smell of rotten eggs ; it transiently im- 
parts a red tint to litmus-paper. 

3. Of the sULPHIDES only those with alkalies and alkaline earths 
are soluble in water. These, as well as the sulphides ofiron, manganese, 
and zine, are decomposed by dilute mineral acids, with evolution of 
hydrosulphuric acid gas, which may be readily detected by its smell, and 
by its action upon solution of lead (see 4). The decomposition of higher 
sulphides is attended also with separation of sulphur in a finely-divided 
state ; the white precipitate may be readily distinguished from similar 
precipitates by its deportment on heating. Part of the sulphides of the 
metals of the fifth and sixth groups are decomposed by concentrated and 
boiling hydrochloric acid, with evolution of hydrosulphuric acid gas, 
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whilst others are not dissolved by hydrochlorie acid, but by concentrated 
and boiling nitrie acid. The compounds of sulphur with mercury, gold, 
and platinum, resist the action of both acids, but dissolve in nitrohydro- 
chlorie acid. Upon the solution of sulphides in nitrie acid, and in 
nitrohydrochloric acid, sulphurie acid is formed, and in most cases sul- 
phur is also separated. Many metallic sulphides, more especially those 
of a higher degree of sulphuration, give a sublimate of sulphur when 
heated in a tube sealed at one end. All sulphides are decomposed by 
fusion with nitrate of potassa and carbonate of soda; on extracting the 
fusion with water the sulphur is found in solution as alkaline sulphate. 

4. If hydrosulphuric acid, in te gaseous state or in solution, 18 
brought into contact with nitrate gf silver or acetate of lead, black precipl- 
tates of SULPHIDE OF SILVER Or SULPHIDE OF LEAD are formed. In 
cases therefore where the odor fails to afford sufficient proof ofthe pre- 
sence of hydrosulphuric acid, these reagents will remove all doubt. If 
the hydrosulphurie acid is present in the gaseous form the air suspected 
to contain it is tested by plaeing in it a small slip of paper moistened 
with solution of acetate of lead and a little ammonia ; if the gas is present 
the slin becomes covered with a brownish-black shining film of sulphide 
oflead. To detect a trace of an alkaline sulphide in presence of a free 
alkali or an alkaline carbonate, the best way is to mix the Auid with a 
solution of oxide of lead in soda, which is prepared by mixing solution of 
acetate of lead with solution of soda until the precipitate which forms at 
first is redissolved. 

5. Ifa Huid containing hydrosulphurie acid or an alkaline sulphide is 
mixed with solution of soda, then with nitroprusside of sodium,* it acquires 
a fine reddish-violet tint. The reaction is very delicate ; but that with 
solution of’ oxide of lead in soda is stillmore sensitive. 

6. Hmetallic sulphides are exposed to the oxidizing ‚flame of the 
Dlonspipe, the sulphur burns with a blue flame, emitting at the same time 
the well-known odor of sulphurous acid. Ifametallie sulphide is heated 
in a glass tube open at both ends, in the upper part of which a slip of 
blue Titmus-paper is inserted, and the tube is held in a slanting position 
during the operation, the escaping sulphurous acid reddens the litmus- 

aper. 

r m Ifa finely-pulverized metallic sulphide is boiled in a porcelain dish 
with solution of potassa, and the mixture heated to incipient fusion of 
the hydrate of potassa, or if the test speeimen is fused in a platinum 
spoon with hydrate of potassa, and the mass is, in either case, dissolved 
in a little water, a piece of bright silver (a polished coin) put into the 
solution, and the Auid warmed, a brownish-black film of sulphide of silver 
forms on the metal. This film may be removed afterwards by rubbing 
the metal with leather and quicklime (v. KoBELL). 

8. If the powder of a sulphide which hydrochlorie acid will not, or 
only with difieulty, decompose is mixed in a small eylinder, or ina wide- 
en flask, with ’an equal volume of finely-divided iron free from sulphur 

ferrum alcoholisatum), and some moderately dilute hydrochloric acid 
(1 volume of eoncentrated acid to 1 volume of water) is poured over 
the mixture, in a layer a few lines thick, hydrosulphuric acid escapes along 
with the hydrogen. This may be easily detected by placing a slip of 


* Nitroprusside of sodium being a reagent which can very well be dispensed with, 
I have omitted giving it a place among the reagents, 
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paper moistened with solution of acetate of lead, and dried again, under 
the cork, so that the bottom is covered by it, the ends of the slip pro- 
Jecting on both sides, and then loosely inserting the cork into tie mouth 
of the flask. Realgar, orpiment, and molybdenite do not show this 
reaction (v. KoBELL), 
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Ttecapitulation and remarks.—Most of the acids of the first group are 
also preeipitated by nitrate of silver, but the precipitates cannot well be 
confounded with the silver compounds of the acids of the second group, 
since the former are soluble in dilute nitric acid, whilst the latter are 
insoluble in that menstruum. The presence of hydrosulphurie acid 
interferes more or less with the testing for the other acids ofthe second 
group; this acid must therefore, if present, be removed first before the 
testing for the other acids can be proceeded with. The removal of the 
hydrosulphuric acid, when present in the free state, may be effected by 
simple ebullition ; and when present in the form of an alkaline sulphide, 
by the addition of a metallic salt, such as will not preeipitate any of the 
other acids, or at least will not precipitate them from acid solutions, 
Hydriodic and hydrocyanic acids may be detected, even in presence of 
hydrochloric or hydrobromie acid, by the equally characteristie and deli- 
cate reactions with starch or sulphide or carbon (with addition of a fluid 
containing nitrous acid), and with solution of protosesquioxide of iron. 
But the detection of chlorine and bromine is more or less dificult in 
presence ofiodine and cyanogen. These latter must therefore, if present, 
be removed first before the proper tests for chlorine and bromine can 
be applied. The separation ofthe cyanogen may be readily effected by 
converting the whole of the radicals present into salts of silver, and 
igniting:: tlie eyanide of silver is decomposed in this process, whilst the 
chloride, bromide, and iodide of silver remain unaltered. Upon fusing 
the ignited residue with earbonate of soda and potassa, and boiling the 
fused mass with water, chloride, bromide, and iodide of the alkali metals 
are obtained in solution. The fused silver compounds may also be 
readily decomposed with zinc; all that is required for this purpose is to 
pour water over them, to add a little sulphuric acid and a fragment of 
zinc, to let the mixture stand some time, and finally to filter the solu- 
tion of chloride, bromide, or iodide of zine from the separated metallie 
silver. 

The iodine may be separated from the chlorine and bromine, by treat- 
ing the silver compounds with ammonia, but more accurately by pre- 
eipitating the iodine as subiodide of copper. From bromine iodine is 
separated most accurately by PEN. of palladium, which only 
precipitates the iodine; from chlorine it is separated by nitrate of prot- 
oxide of palladium. 

Bromine in presence of iodine and chlorine may be identified by the 
following simple operation: Mix the Auid with a few drops of dilute 
sulphuric acid, then with some starch-paste, and add a little red fuming 
nitrie acid or, better still, a solution of hyponitric acid in sulphuric acid, 
wlereupon the iodine reaction will show itself immediately. Add now 
chlorine-water drop by drop until that reaction has disappeared; then 
add some more ch to set the bromine also free, which may 
then be separated and identified by means of chloroform or sulphide of 
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carbon. Or the iodine after being liberated in a highly dilute Auid 
may be also taken up with chloroform or sulphide of carbon, the 
aqueous fluid may then be filtered ie a moist filter, and the 
bromine detected in the filtrate by means 0 chloroform or sulphide of 
carbon and chlorine-water. For the latter process you may sub- 
stitute the following: immediately after the liberation of the iodine 
cautiously add chlorine-water, when the violet-red coloration will 
gradually fade away, and give place to the brownish-red color indi- 
cative of bromine. 

The detection of chlorides in presence of bromides and iodides is best 
effected by preeipitating with nitrate of silver, washing the precipitate, 
digesting it with a mixture ofl part ammonia and 3 parts water, filter- 
ing off the iodide of silver, preeipitating the filtrate with nitrie acid, 
washing the precipitate (which contains chloride and bromide of silver 
with a trace of iodide), drying it, fusing with carbonate of soda, extract- 
ing the fusion with water, neutralizing the solution with sulphuric acid 
(the reaction may be somewhat alkaline), evaporating to dryness, fusing 
the residue with bichromate of potassa, and treating the fusion accord- 
ing to $ 152, 7. "The presence of much iodine interferes with the re- 
action, therefore it is directed to be removed. 

As regards the iodide of starch reaction, it must be noted that salts 
(alum, alkaline sulphates, sulphate of magnesia, &e.) diminish_ its deli- 
cacy. Also as regards this and the sulphide of carbon reaction, that 
when hyponitrie acid is used to liberate the iodine, the presence of sul- 
phocyanides may occasion mistakes em since a reddish color 
may occur in the absence of iodine from formation of pseudosulpho- 
eyanogen. By shaking with sulphide of carbon the coloring substance 
is for the most part taken up. 

Besides the above mentioned agents for liberating iodine many others 
have been proposed, and may be employed; thus, for instance, iodie 
acid or hin iodate and hydrochloric acid (V. Lreıc) ; sesquichloride 
ofiron and sulphurie acid, or bichloride of platinum, with addition of 
some hydrochlorie acid (HEmPEL); permanganate of potassa in slightly 
acidified solution (Henry), &e. With respect to these agents I have 
to observe that iodie acid must be used with the greatest caution, as @, 
in presence of redueing substances iodine is set free from the reagent, 
and b, an excess of iodie acid will at once put an end to the reaction. 
Sesquichloride of iron, with addition of sulphurie acid, will not act 
immediately upon very dilute solutions ; but after a time the reaction will 
make its appearance, revealing the presence of even the minutest trace 
of iodine ; the delicacy of the reaction is not materially impaired by an 
excess of the reagent. Sesquichloride of iron may be used with 
advantage when iodine is to be liberated in the gaseous state, which 
should be done in the presence of sulphocyanides. The fluid is then 
heated nearly to boiling, and the escaping fumes are made to act on 
paper smeared with fresh starch paste. Permanganate of potassa acts 
immediately, even in the most dilute solutions. However, as a fluid 
eolored by minute traces of iodide of starch is also apt to look reddish, 
the coloration imparted by the permanganic acid alone may lead to mis- 
takes in the iodide of starch test. From six to twelve Mt should 
therefore always be allowed to elapse before judging of the actual nature 
ofthe coloration. The modus operandi may of course be modified in 
various ways to increase the delicacy of the 'starch reaction ; interesting 
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ennlaE upon this point may be found in the papers of Morın* and 
EMPEL.+ 

Chlorine, bromine, and iodine, may also be distinguished from each 
other by the Spectroscope, for the spectra of their copper salts, though 
containing many blue and green lines, vary in the position and pro- 
minence of the lines; they may also be detected in presence of one 
another, for by cautiously heating the silver salts with oxide of copper 
in a current of hydrogen, and lighting the escaping gas, the Aame will 
be colored first by the chloride of copper, then by the bromide of copper, 
and lastly by the iodide of copper (Ar. MıTscHerLich).t The use 
of this method requires considerable practice in consequence of the 
similarity of the spectra, and the method therefore appears to me ofmore 
scientific interest tlfan practical importance. 


8158, ; 
Rarer Acids of the Second Group. 
1. Nırrous Acıp (N O,). 


Nitrous acid, in the free state, at the common temperature, is a brownish-red gas, 
In contact with water it is converted for the most part, at least, into nitrie acid, which 
dissolves, and nitrie oxide, which escapes in part when the quantity of water is not 
very large (3NO,+HO=HO,N 0,+2NO0,). The nitrites are decomposed by 
ignition ; many of them are soluble in water. When nitrites or concentrated solutions 
of nitrites are treated with dilute sulphurie acid it is not nitrous acid gas which is 
evolved, but nitrie oxide gas, and the evolution is attended with formation of nitrie 
acid. In solutions of nitrites of the alkalies nitrate of silver produces a white preeipi- 
tate, which dissolves in a very large proportion of water, especially upon application 
of heat; sulphate of protoxide 0f iron, upon addition of a small quantity of acid, pro- 
ducesa dark blackish-brown coloration, which is due to the nitrie oxide gas dissolving in 
the solution of the sulphate of iron. Hydrosulphuric acid produces in solutions con- 
taiping nitrous acid, after neutralization by an acid of the free alkali, should any be 
present, a copious precipitate of sulphur, the reaction being attended also with forma- 
tion of nitrate of aımmonia. Pyrogallic acid imparts a brown color to even very dilute 
solutions of nitrites acidified with sulphuric acid (ScHönBEIN). On addition of cyanide 
of potassium to an alkaline nitrite, then of some neutral solution of chloride of cobalt 
and a little acetic acid, the fluid becomes orange-rose colored from the formation of 
nitroeyanide of cobalt and potassium (C. D. Braun). But the most delicate reagent 
for nitrous acid is solution of iodide of potassium mixed with starch paste, especially 
upon addition of sulphurie acid (Price, SCHÖNBEIN). Water containing the one 
hundred thousandth part of nitrite of potassa, together with free sulphuric acid, is 
eolored distinctly blue by this reagent in a few seconds, and a few minutes suflice to 
produce the same effect in water containing one millionth part of nitrite of potassa. 
Let it be borne in mind that this reaction is reliable only where no other substance is 
present that might exercise a decomposing action upon iodide of potassium, such, for 
instance, as iodic acid, sesquioxide of iron, &c. On adding indigo solution to water 
till the latter has lost its transparence from the depth of color, then hydrochloric acid 
and afterwards a solution of alkaline polysulphide with stirring, till the blue color just 
vanishes, filtering and adding to the clear filtrate a solution of the merest trace of 
nitrous acid, a most distinct bluish coloration will at once be produced. This reaction 
is to be recommended in the presence of other reducing bodies which interfere with the 
action of nitrous acid upon an acidified solution of starch and iodide of potassium 
(SCHÖNBEIN), But it must not be overlooked that other oxidizing substances repro- 
duce the blue color. On mixing a solution of nitrous acid (for instance, a solution of 
nitrite of potassa acidified with acetic acid) with sulphocyanide of potassium, the fluid 
is not colored, but on the furiher addition of nitric acid, a dark-red color makes its 
appearance, which vanishes on addition of alcohol or after heating for a short time 
(difference from sulphocyanide of iron). The coloring substance is mostly taken up 





* Journ. f. prakt. Chem. 78, 1. f Ann. d. Chem. u, Pharm. 107, 102, 
+ Zeitschr. f. anal. Chen. 4, 153, 
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from this by shaking with sulphide of carbon. It will be evident that this reaction is 


due to hyponitrie acid and not to nitrous acid, hence it may be used to distinguish 
between the two, 


9. Hypocnrorous Acın (C1O). 


Hypochlorous acid, at the common temperature, is a deep yellowish-green gas of a 
disagreeable irritating odor, similar to that of chlorine. It dissolves in water ; the 
dilute aqueous solution bears distillation. The hypochlorites are usually found in com- 
bination with metallic chlorides, as is the case, for instance, in chloride of lime, eau de 
Javelle, &c. The solutions of hypochlorites undergo alteration by boiling, the hypo- 
chlorite being resolved into chloride of the metal and chlorate of the oxide, attended, 
in the case of concentrated, but not in that of dilute solutions, with evolution of oxygen. 
If a solution of chloride of lime is mixed with hydrochlorie acid or sulphurie acid, chlo- 
rine is disengaged, whilst addition of a little nitrie acid leads to the liberation of hypo- 
chlorous acid. Nitrate of silver throws down from solution of chloride of lime chloride 
of silver [the hypochlorite of silver, which forms at first, is speedily resolved into 
chloride of silver and chlorate of silver: 3(Ag 0,C10)=Ag 0,C10,+2AgCl]: 
nitrate of lead produces a precipitate which from its original white changes gradually 
to orange-red, and ultimately, owing to formation of binoxide, to brown ; salts of 
protoxide of manganese give brown-black preeipitates of hydrate of binoxide of man- 
ganese. Solution of permanganate of potassa is not decolorized. Solutions of lütmus 
and indigo are decolorized even by the alkaline solutions of hypochlorites, but still 
more rapidly and completely upon addition ofan acid. Ifa solution of arsenious acid 
in hydrochlorie acid is colored blue with solution of indigo, and a solution of chloride 
of lime is added, with active stirring, the decoloration will take place only after tlıe 
whole of the arsenious acid has been converted into arsenic acid. 


3. Curorous AcıD (C1O,). 


Chlorous acid is a yellowish-green gas of a peculiar and very disagreeable odor ; it is 
soluble in water. The solution has an intensely yellow color, even when highly dilute. 
Most of the chlorites are soluble in water; the solutions readily suffer decomposition, 
the chlorites being resolved into chlorides and chlorates. Nitrate of silver precipitates 
white chlorite of silver, which is soluble in much water. A solution of permangamate 
of potassa is immediately decomposed, and a brown precipitate separates after some 
time, Tineture of litmus and solution of indigo are instantly decolorized, even if 
mixed with arsenious acid in excess. If a slightly acidified dilute solution of a salt of 
protowide of iron is mixed with a dilute solution of chlorous acid, the fluid transiently 
acquires an amethyst tint, and assumes only after the lapse of a few seconds the yel- 
lowish coloration of salts of sesquioxide of iron (LENSSEN). 


4. HyropHospHorous Acıp (PO). 


The concentrated solution of hypophosphorous acid is of syrupy consistence, and re-_ 
sembles that of phosphorous acid (see $ 148), with which it also has this in common, 
that it is resolved by heating, with exelusion of air, into hydrate of phosphoric acid 
and not spontaneously inflammable phosphuretted hydrogen gas. Almost all hypo- 
phosphites are soluble in water ; by ignition all of them are resolved into phosphate and 
phosphuretted hydrogen, which in most cases is spontaneously inflammable. Chloride 
of barium, chloride of calcium, and acetate of lead fail to precipitate solutions of hypo- 
phosphites (difference from phosphorous acid). Nitrate of silver gives with hypophos- 
phites at first a white precipitate of hypophosphite of silver, which turns black even 
at the common temperature, but more rapidly on heating, the change of color being 
attended with separation of metallic silver. From chloride of mercury in excess hypo- 
yphosphorous acid precipitates, slowly in the cold, more rapidly on heating, subchloride 
of mereury. With zine and dilute sulphuric acid hypophosphorous acid gives hydrogen 
mixed with phosphuretted hydrogen. (Compare $ 148, Phosphorous Acid.) 
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Third Group. 


ACIDS WHICH ARE NOT PRECIPITATED BY SALTS OF BARYTA NOR BY 
SALTS OF SILVER: Nitrie Acid, Ohlorie Acid (Perchlorie Acid). 


$ 159. 
a. Nırrıc Acın (N O,). 


1. Anmyprous nITRIc AcıD crystallizes in six-sided prisms. It 
fuses at 29°5°, and boils at about 45° (Devirre). The pure HYDRATE 
is a colorless exceedingly corrosive Auid, which emits fumes in the air, 
exercises a rapidly destructive action upon organie substances, and 
colors nitrogenous matter intensely yellow. Hydrate of nitrie acid 
containing hyponitric acid has a ie colour. 

2. Allthe nEUTRAL SALTS of nitric acid are soluble in water; only 
some of the basic nitrates are insoluble. All nitrates undergo decom- 
position at an intense red heat. Those with alkaline bases at first 
yield oxygen, and change to nitrites, afterwards they yield oxygen and 
nitrogen. Those with other bases yield oxygen and nitrous or hypo- 
nitric acid. 

3. Ifa nitrate is thrown upon red-hot charcoal, or if charcoal or 
some organic substance, paper for instance, is brought into contact 
with a nitrate in fusion DEFLAGRATION takes place, i.e., the charcoal 
burns at the expense of the oxygen of the nitrie acid, with vivid 
scintillation. 

4. If a mixture of a nitrate with eyanide of potassium in powder is 
heated in small quantity on platinum foil, a vivid DEFLAGRATION 
ensues, attended with distinct ignition and detonation. Even very 
minute quantities of nitrates may be detected by this reaction. 

5. If a nitrate is mixed with copper filings, and the mixture heated 
in a test-tube with concentrated sulphuric acid, the air in the tube 
acquires a yellowish-red tint, owing to the nitrie oxide, which is 
liberated upon the oxidation of the copper by the nitric acid com- 
bining with the oxygen of the air to hyponitrie acid. The coloration 
may be observed most distinctly by looking lengthways through the tube. 

6. If the solution of a nitrate is mixed with an equal volume of con- 
centrated sulphurie acid, free from nitrie and hyponitrie acid, the mix- 
ture allowed to cool, and a cuncentrated solution of sulphate of protozxide 
of iron then cautiously added to it so that the Auids do not mix, the 
junction shows at first a purple, afterwards a brown color, or, in cases 
where only a very minute quantity of nitrie acid is present, a reddish 
color. On mixing the fluids a brownish purple-red clear Auid is 
obtained. In this process the nitric acid is decomposed by the prot- 
oxide of iron, three-fifths of its oxygen combining with the protoxide 
and converting a portion of it into sesquioxide, whilst the remaining 
nitric oxide combines with the remaining undecomposed salt of prot- 
oxide of iron, and forms with it a peculiar compound, which dissolves 
in water to a brownish-black color. A similar reaction is observed in 
presence of selenious acid; but on mixing the fluid, and letting it 
stand, red selenium separates (WITTsTock). 

7. I£ some hydrochloric acid is boiled in a test-tube, one or two 
drops of very dilute solution af sulphate af indigo added, and the mixture 
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boiled again, the fluid remains blue (provided the hydrochlorie acid 
was free from chlorine). Ifa nitrate, solid or in solution, is now added 
to the faint light-blue Huid, and the mixture heated again to boiling, the 
- color disappears owing to the deceomposition of the indigo blue. This 
is a most delicate reaction. It must be borne in mind, however, that 
several other substances also cause decoloration of solution of indigo— 
free chlorine more particularly produces this effect. 

8. Ifa little Drucia is dissolved in concentrated sulphuric acid, and 
a small quantity of a fluid containing nitric acid added to the solution, 
the latter immediately acquires a magnificent red color. This reaction 
is extraordinarily delicate. The color soon passes into reddish yellow. 
Chlorie acid gives the same reaction. 

9. Dissolve one part of carbolie acid in four parts of strong sulphurie 
acid, and add two parts of water. A drop or two of this Huid added to 
a solid nitrate (e.g., to the residue obtained by evaporating a few drops 
of well-water containing nitrates) gives a reddish-brown color, from 
the formation of a nitro-compound. On addition of a drop or two of 
strong ammonia, this color turns yellow, sometimes passing through a 
green shade. A very delicate reaction (H. SPRENGEL). 

10. Very minute quantities of nitric acid may be detected also b 
reducing the nitrie acid first to nitrous acid, which may be effeeted bot 
in the moist and in the dry way; in the former by heating the solu- 
tion of the nitric acid or of the nitrate for some time with finely- 
divided zine, best with zinc amalgam, and then filtering (SCHÖNBEIN); 
in the dry way by fusing the substance with carbonate of soda at a 
moderate heat, extracting tlıe mass, after cooling, with water, and 


filtering. Upon adding either of the filtrates to 5 solution of iodide 


of potassium mixed with starch-paste and dilute sulphurie acid, 
the Huid acquires a blue color from iodide of starch (comp. $ 158, 1). 


$ 160. 
d. Curorıc Acıp (ClO,). 


1. CHLoric AcıD, in its most highly concentrated solution, is a color- 
less or slightly yellowish oily fluid ; its odor resembles that of nitrie acid. 
It first reddens litmus, then bleaches it. Dilute chloric acid is colorless 
and inodorons. 

9, All cunorArzs are soluble in water. When chlorates are 
heated to redness, the whole of their oxygen escapes and metallic 
chlorides remain. 

3, Heated with ehareoal or some organic substance the chlorates 
DEFLAGRATE, and this with far greater violence than the nitrates. 

4. Ifa mixture of a chlorate with-eyanide of potassium is heated on 
platinum foil, DEFLAGRATION takes place, attended with strong deto- 
nation and ignition, even though the chlorate be present only in 
very small quantity. This experiment should be made with minute 
quantities only. 

5. If the solution of a chlorate is colored light-blue with solution of 
indigo, a little dilute sulphurie acid added, and a solution of sulphite of 
soda dropped cautiously into the blue Auid, the color of the indigo 
disappears immediately. The cause of this equally characteristic and 
delicate reaction is, that the sulphurous acid deprives the chloric acid 
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of its oxygen, thus setting free chlorine or a lower oxide of it, which 
then decolorizes the indigo. 

6. If chlorates are heated with moderately dilute %ydroehlorie acid the 
constituents of the two acids transpose, forming water, chlorine, and 
2010,C10,. The test-tube in which the experiment is made becomes 
filled in this process with a greenish-yellow gas of a very disagreeable 
odor resembling that of chlorine; "the hydrochlorie acid acquires a 
greenish-yellow color. If the hydrochlorie acid is colored blue with 
indigo solution, the-presence of very minute quantities of chlorates 
will suflice to destroy the indigo color at once. 

7. Ifa little chlorate is added to a few drops of concentrated sulphurie 
acid in a watch-glass, two-thirds of the metallic oxide are converted 
into sulphate, and the remaining one-third into perchlorate ; this con- 
version is attended with liberation of chlorochlorie acid, which imparts: 
an intensely yellow tint to the sulphurie acid, and betrays its pre- 
sence also by its odor and the greenish color of the evolved eus 
[8(K0,010,) +4(E0,80,) =2(K0,H 0,280, HROJQ O,+ 
(C10,C10,)+2H0]. The application of heat must be avoided in 
this experiment, and the quantities operated upon should be very small, 
since otherwise the decomposition might take place with such violence 
as to cause an explosion. 

8. Chloric acid shows the same deportment as nitrie acid towards 
brucia dissolved in concentrated sulphurie acid (Luck). Compare 
8 159, 8. 

8 161. 


Recapitulation and remarks. —Of the reactions which have been given 
to effect the detection of nitrie acid, those with sulphate of protoxide of 
iron and sulphurie acid, with copper filings and sulphurie acid, with 
carbolic acid, and also those based upon the reduction to nitrites, give 
the most positive results; with regard to deflagration with charcoal, 
detonation with cyanide of potassium, decoloration of solution of 
indigo and coloration with brucia, we have seen that these reactions 
belong equally to chlorates as to nitrafes, and are consequently 
deeisive only where no chlorie acid is present. The presence of free 
nitric acid in a Huid may be detected by evaporating in a porcelain 
dish on the water-batlı to dryness, having first thrown in a few quill- 
cuttings: yellow eoloration of these indicates the presence of nitrie 

‚acid (Runge). The best way to ascertain whether chlorie acid is 
present or not (in the absence of other oxygen compounds of chlorine) 
is to ignite the substance, with addition of carbonate of soda, dissolve 
the mass, and test the solution with nitrate of silver. If a chlorate is 
present, this is converted into a chloride upon ignition, and nitrate of 
silver will now produce a precipitate of chloride of silver. However, the 

rocess is thus simple only if no chloride is present with the chlorate. 
I presence of a chloride, the chlorine must be removed first by 
addıng nitrate of silver to the solution as long as a precipitate continues 
to form, and filtering ; the filtrate is then, after addition of pure car- 
bonate of soda, evaporated and ignited. It is, however, generally 
unnecessary to pursue this circuitous way, since the reactions with 
concentrated sulphuric acid, and with indigo and sulphurous acid, are 
suflieiently marked and characteristic to afford positive proof of the 
presence of chloric acid, even in presence of nitrates.—The best way of 
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detecting nitrie acid in presence of a large proportion of chlorie acid is 
to mix the substance with earbonate of ws in excess, evaporate, 
ignite the residue gently, but sufficiently long to convert the chlorate 
into chloride, and then test the residue for nitrie acid, or for nitrous 
acid. 

$ 162. 


PercHLorRIc Acıp (C1O,). 


Pure anhydrous perchlorie acid is a colorless, mobile fluid, which forms dense 
white fumes in the air, and explodes with great violence when dropped on wood- 
charcoal (Roscor). The hydrate cerystallizes in needles ; the concentrated aqueous 
solution is oilyand heavy. The dilute solution gives by distillation first water, then 
dilute acid, and finally concentrated acid. AIl perchlorates are soluble in water, most 
of them freely. They are all decomposed by ignition, those with alkaline bases leaving 
chlorides behind, with disengagement of oxygen. Salts of potassa produce in not too 
dilute solutions a white erystalline precipitate of perchlorate of potassa (K O, C10,), 
which is sparingly soluble in water, insoluble in spirit of wine. Baryta salts and 
silver salts are not preeipitated. Concentrated sulphurie acid fails to decompose per- 
chlorie acid in the cold, and decomposes it with difficulty on heating (difference fiom 
chloric acid). Hydrochlorie acid, nitrie acid, and sulphurous acid fail to decompose 
aqueous solutions of perchlorie acid or perchlorates ; solution of indigo, therefore, pre- 
viously added to it, is not decolorized (difference from all other acids of chlorine). 


II. Oraanıc Acıns. 
First Group. 


THE HYDRATES OF THE ACIDS OF THE FIRST GROUP ARE DECOM- 
POSED ENTIRELY OR PARTIALLY BY IGnITIon.* THE AcıDs ARE 
DECOMPOSED BY BOILING WITH CONCENTRATED NITRIC Acın.t 
THEIR LIiME SALTS ARE INSOLUBLE OR DIFFICULTLY SOLUBLE 
In Water. Tom SoLUTIONS OF THEIR NEUTRAL ÄLKALI SALTS 
ARE NOT PRECIPITATED BY SESQUICHLORIDE OF IRON : Oxalic Acid, 
Tartarie Acid (Racemic Acid), Oitrie Acid, Malie Acid. 


$ 163. 
a. Oxauıc AcıD. 
For the reactions of oxalie acid I refer to $ 149. 


d. Tartrarıc Acın (?H0,C,H,O ,). 


1. The HYDRATE OF TARTARIO ACID forms colorless erystals of an 
agreeable acid taste, which are persistent in the air, and soluble in 
water and in spirit of wine. Heated to 100°, tartaric acid loses no 
water ; heated to 170°, it fuses; at a higher temperature it becomes 
carbonized, emitting during the process a very peculiar and highly 
characteristie odor, which resembles that of burnt sugar. Aqueous 
solution of tartarie acid, as also of almost all tartrates, turns the plane 
of polarization of light towards the right. By heating with nitrie acid 
tartarie acid is converted into oxalie, acetie, and saccharie acids. 

2, The TARTRATES with alkaline base are soluble in water, and so 
are those with the metallic oxides of the third and fourth groups. 
Evaporated on the water-bath to syrupy consistence, the solution of 
tartrate of sesquioxide of iron deposits a pulverulent basic salt. Those 


* Hydrate of oxalie acid, when cautiously heated, partially sublimes unaltered. 

+ The decomposition of oxalic acid by boiling nitrie acid into carbonie acid aud 
water is but slow. 

I. 5 
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of the tartrates which are insoluble in water dissolve in hydrochlorie or 
nitricacid. The tartrates suffer decomposition when heated to redness; 
charcoal separates, and the same peculiar odor is emitted as attends the 
carbonization of free tartaric acid. 

3. Ifto a solution of tartarie acid, or to that of an alkaline tartrate, 
solution of sesquioxide of iron or alumina is added in not too large pro- 
portion, and then ammlonia or potassa, no precipitation of sesquioxide 
of iron or alumina will ensue, since the RE tartrates formed are not 
decomposed by alkalies. Tartaric acid prevents also the precipitation 
of several other oxides by alkalies. 

4. Free tartaric acid produces with salts of potassa, and more par- 
tieularly with the acetate, a sparingly soluble preeipitate of BITAR- 
TRATE OF POTASSA. A similar precipitate is formed when acetate of 
potassa and free acetic acid are added to the solution of a neutral 
tartrate. The acid tartrate of potassa dissolves readily in alkalies and 
mineral acids; tartaric acid and acetic acid do not increase its solubility 
in water. The separation of tlıe bitartrate of potassa precipitate is 
greatly promoted by shaking, or by rubbing the sides of the vessel 
with a glass rod. The delicacy of the reaction may be heightened by 
eoncentrating the solution of the tartaric aeid. Addition of an equal 
volume of alcohol heightens the delicacy of the reaction. In the 
presence of boracic acid fluoride of potassium must be used instead of 
acetate of potassa, this forms borofluoride of potassium, and prevents 
the production of the soluble compound of boracie acid, tartarie acid, 
and potassa (BARFOED). 

5. Chloride of caleium added in excess* throws down from solutions 
of neutral tartrates a white precipitate of TARTRATE OF LIME 
(2Ca0,C,H,0,+38agq.). Presence of ammoniacal salts retards the 
formation of this precipitate for a more or less considerable space of 
time. Agitation of the fluid or frietion on the sides of the vessel 
promotes the separation of the precipitate. The preeipitate is erys- 
talline, or invariably becomes so after some time ; it dissolves in a cold 
not over dilute solution of potassa or soda, pretty free from carbonie 
acid, to a clear fluid. But upon boiling this solution, the dissolved 
tartrate of lime separates again in the form of a gelatinous precipitate, 
which redissolves upon cooling. 

6. Lime-water added in excess* produces in solutions of neutral tar- 
trates—and also in a solution of free tartaric acid, if added to alkaline 
reaction— white precipitates which, flocculent at first, assume afterwards 
a crystalline form; so long as they remain flocculent they are readily 
dissolved by tartaric acid as well as by solution of chloride of ammonium. 
From these solutions the tartrate of lime separates again, after the Japse 
of several hours, in the form of small crystals deposited upon the sides 
of the vessel. 

7. Solution of sulphate of lime added in excess* fails to produce a 
precipitate in a solution of tartaric acid; in solutions of neutral tartrates 
of the alkalies, it produces a trifling preeipitate after the lapse of some 
tıme. 

8. Ifsolution of ammonia ispoured upon even a very minute quantity 
of tartrate of lime, a small fragment of crystallized nitrate of silver 

* Tartrate of potassa or soda dissolves tartrate of lime (as well as certain other 


salts insoluble in water, such as phosphate of lime, sulphate of baryta, &c.). Hence 
the alkaline tartrate must be fully decomposed by the reagent. 
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added, and the mixture slowly and gradually heated, the sides of the 
test-tube are covered with a bright coating of metallic silver. If, in- 
stead of a crystal, solution of nitrate of silver be used, or heat be applied 
more rapidly, the reduced silver will separate in a pulverulent form 
(ARTHUR ÜASSELMANN). 

9. Acetate of lead produces white preeipitates in solutions of tartarie 
acid and its salts. ° The washed preeipitate (2Pb 0,0, H,O,,) dissolves 
readily in nitrie acid and in ammonia free from carbonic acid. 

10. Nitrate of silver does not precipitate free tartaric acid; but in 
solutions of neutral tartrates it produces a white preeipitate of TAR- 
TRATE OF SILVER (2Ag0,C, H,O,,), which dissolves readily in nitrie 
acid and in ammonia ; upon boiling it turns black, owing to reduction of 
the silver. 

11. Upon heating hydrated tartarie acid or a tartrate with Aydrate 
of sulphurie acid, the Tatter acquires a brown color almost simultaneously 
with the evolution of gas. 


$ 164. 
ec. Cırrıc Acınp (3H 0,C,H,0O,). 


l. ORYSTALLIZED OITRIC AcıD, obtained by the cooling of its solu- 
tion, has the formula 3H 0, C,H, 0, +2aq. Itcrystallizes in pellueid, 
colorless and inodorous crystals ofan agreeable strongly acid taste, which 
dissolve readily in water and in spirit of wine, and eflloresce slowly in 
the air. Heated to 100° the erystallized acid loses its water of erys- 
tallization ; when subjected to the action of a stronger heat, it fuses at 
first, and afterwards carbonizes, with evolution of pungent acid fumes, 
the odor of which may be readily distinguished from that emitted by 
tartaric acid upon carbonization. By heating with a little nitric acid, 
eitric acid gives oxalic and acetic acids, with much nitrie acid it gives 
acetic acid only. 

2. The cITRATES with alkaline base are readily soluble in water, 
as wellin the neutral as in the acid state; solution of citrie acid tliere- 
fore is not precipitated by acetate of potassa. The compounds of eitric 
acid with such of the metallie oxides as are weak bases, sesquioxide of 
iron, for instance, are also freely soluble in water. Evaporated on the 
water-bath to syrupy consistence the solution of eitrate of sesquioxide 
ofiron deposits no solid salt. Citrates, like tartrates, and for the same 
reason, prevent the precipitation of sesquioxide of iron, alumina, &e., by 
alkalies. 

3. Chloride of caleium fails to produce a precipitate in solution of free 
eitric acid, even upon boiling;; but a preeipitate of NEUTRAL CITRATE OF 
LımeE (3 Ca0, C,H, O,, + %aq.) forms immediately upon saturating with 
potassa or soda the concentrated solution of citric acid, mixed with 
chloride of caleium in excess.* The precipitate is insoluble in potassa, 
but dissolves freely in solution of chloride of ammonium; upon boiling 
this chloride of ammonium solution, neutral citrate of lime of the same 
composition separates again in the form ofa white crystalline preeipitate, 
which however is now no longer soluble in chloride of ammonium. If 
a solution of citric acid mixed with excess of chloride of caleium* is 
saturated with ammonia, a precipitate will form in the cold only after 


* Alkaline citrates are actual solvents for many compounds insoluble in water 
(sulphate of baryta, phosphate of lime, oxalate of lime, &c.). Hence the alkaline 
eitrate must be fully decomposed by tlıe reagent,. 

P2 
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many hours’ standing ; but upon boiling the clear fluid, neutral eitrate of 
lime of the properties just stated will suddenly precipitate. By heating 
eitrate of lime with ammonia and nitrate of silver the latter salt is not 
reduced, or only to a trifling extent. 

4. Lime-water added in excess* produces no precipitate in cold solu- 
tions of eitrie acid or of citrates. But upon boiling some time with a 
tolerable excess of hot prepared lime-water, a white preeipitate of 
CITRATE OF LIME is formed, of which the greater portion redissolves 
upon cooling. 

d. Acetate of baryta added in excess to a soluion of an alkaline citrate 
whether hot or cold, produces an amorphous precipitate of the formula 
8Ba0,C,H,O,+7agq. Baryta water added in excess to citric acid 
produces the same precipitate. 'T’he precipitate does not make its ap- 
pearance in dilute solutions, because it is not insoluble in water, but if 
such solutions are heated, a precipitate separates which is first amorphous 
and soon turns to microscopic needles ofthe formula 83Ba0,C,H,0O,+ 
dag. On heating this or the amorphous salt with excess of acetate of 
baryta for two hours on the water-bath, another very characteristic salt 
is formed. The latter consists of well-formed clinorhombic prisms, and 
has the formula 2(3Ba0,C,H,O,)+7aq. If the solution is very 
dilute the salt does not form till after evaporation. This is an infallible 
reaction for citric acid (H. KÄMMERER). From experiments made in 
my laboratory it appears that the addition of a drop of acetic acid ma- 
terially assists the transition to the characteristie salt. 

6. Acetate of lead added in excess to a solution of eitrie acid produces 
a white amorphous precipitate of CITRATE OF LEAD, which after wash- 
ing is readily soluble in ammonia free from carbonic acid. By digestion 
for several hours with water or acetic acid on a water-bath, the precipitate 
becomes crystalline, and then has the formula 3Pb 0,0,H,O ,+3aq. 
The microscope does not reveal the presence of well-formed cerystals. 

7. Nitrate of silver produces in solutions of neutral citrates of the 
alkalies a white flocculent precipitate of CITRATE OF SILVER (3AgO, 
C,H,O,). On boiling a rather large quantity of this preeipitate witlı 
a little water a gradual decomposition sets in with separation of silver. 

8. Upon heating eitric acid or citrates with concentrated sulphurie 
acid, carbonic oxide and carbonic acid escape at first, the sulphuric acid 
retaining its natural color; upon continued ebullition, however, the 
solution acquires a dark color, and sulphurous acid is evolved. 


$ 165. 


d. Marıc Acınp 2 H0,C,H,O,). 


1. HyDRATE OF MALIC AcıD crystallizes with great difliculty, form- 
ing crystalline crusts, which deliquesce in the air, and dissolve readily in 
water and in alcohol. Exposed to a temperature of 150°, hydrated 
malic acid is slowly converted, with loss of two equivalents of water, 
into hydrated fumaric acid (2? H 0,C,H, O,); heated to 180°, malic 
acid is resolved into water, MALEIC Acıp (2 H O,C,H, O,), which vola- 
tilizes, and FumARIC AcıD (2 HO, C,H,O,), which remains. By raising 
the temperature to above 200° the fumarie acid is finally also vola- 
tilized. This deportment of malic acid is highly characteristic. If the 


* See note, ante. 
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experiment is made in a small spoon, pungent acid vapors are evolved 
with frothing ; if the experiment is made in a small tube, the maleic acid 
first, and afterwards the fumaric acid also will condense to crystals in the 
colder part ofthe tube. By heating with nitrie acid malic acid readily 
yields oxalie acid, with evolution of carbonie acid. 

2. Malie acid forms with most bases salts solublein water. The acid 
malate of potassa is not dificultly soluble in water; acetate of potassa fails 
therefore to precipitate solutions of malic acid. Malic acid prevents, like 
tartaric acid, the preeipitation of sesquioxide of iron, &c., by alkalies. 

3. Chloride of caleium added in excess fails to produce a precipitate in 
solutions of free malic acid. Even after saturation with ammonia or 
soda no precipitate is formed. But upon boiling, a precipitate of MALATE 
OF LIME (2 Ca0, C,H,O, +6.aq.) separates from concentrated solutions. 
If the preeipitate is dissolved in a very little hydrochlorie acid, ammonia 
added to the solution, and the fluid boiled, the malate of lime separates 
again; but if it is dissolved in a somewhat larger quantity ofhydrochlorie 
acid, it will not reprecipitate, after addition of ammonia in excess, even 
upon continued boiling. On adding one or two measures of alcohol the 
malate of lime separates in white flocks. If the fluid is previously 
heated nearly to boiling and hot alcohol is added, the precipitate is 
deposited in the form of soft lumps which adhere to the sides of the 
vessel; on cooling they harden and crumble by pressure to a erystalline 
powder (BARFoOED). When heated with ammonia and nitrate of silver, 
malate of lime causes no separation of silver or hardly any. 

4. Lime-water produces no precipitate in solutions of free malic acid, 
nor in solutions of malates. The fluid remains perfectly clear even upon 
boiling, provided the lime-water was prepared with boiling water. 

5. Acetate of lead throws down from solutions of malic acid and of 
malates a white precipitate of MALATE OF LEAD (2 Pb 0, C, H,O, + 6ag.). 
The precipitation is the most complete if the fluid is neutralized by 
ammonia, as the preeipitate is slightly soluble in free malic acid and 
acetic acid, and also in ammonia. If the fluid in which the precipitate 
is suspended is heated to boiling, a portion of the precipitate dissolves, 
and the remainder fuses to a mass resembling resin melted under water. 
To obtain this reaction with small quantities, warm at first gently till 
the precipitate has shrunk together, then pour off the principal quantity 
ofthe fHuid and heat the rest with the precipitate to boiling. This re- 
action is distinetly marked only if the malate of lead is tolerably pure; 
if mixed with other salts of lead—if, for instance, ammonia is added to 
alkaline reaction—it is only imperfect or fails altogether to make its 
Pppearance. 

6. Nitrate of silver throws down from solutions of neutral malates of 
the alkalies a white precipitate of MALATE OF SILVER, which upon long 
standing or boiling turns a little gray. 

7. On mixing tlie warm solution of free malic acid with magnesia or 
its carbonate, till the acid reaction is destroyed, filtering, evaporating, 
and mixing the hot solution with hot alcohol, malate of magnesia 
(2MgO,C, H,O,) separates as a glutinous mass on the sides of the 
vessel. It is hard when cold. Malic acid cannot be distinguished from 
citric acid by this reaction (BARFOED). 

8. Upon heating malic acid with concentrated su/phurie acid, carbonic 
acid and carbonie oxide are evolved at first; thefluid then turns brown 
and ultimately black, with evolution ofsulphurous acid. 
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Recapitulation and remarks. —Of the organic acids of this group owalie 
acid is characterized by the instant precipitation of its lime-salt from its 
solution in hydrochlorie acid by ammonia, and also by acetate of soda, as 
well as by the immediate precipitation of the free acid by solution of 
sulphate of lime. Turtarie acid is characterized by the sparing solubility 
of the acid potassa salt, the solubility of the lime-salt in cold solution of 
soda and of potassa, the reaction of the lime-salt with ammonia and 
nitrate of silver, and the peculiar odor which the acid and its salts emit 
upon heating. It is most safely detected in presence of the other acids 
by means of acetate of potassa or Huoride ofpotassium ($ 163, 4). C.D. 
BraAun’s test for distinguishing tartaric acıd from the other organic 
acids by means of hexamincobaltic chloride will be found in Zeitsch. f. 
anal. Chem. 7, 349. Oitrie acid is usually recognised by its reaction 
with lime water, or with chloride of calcium and ammonia in presence of 
chloride of ammonium ; but in this we always presuppose the absence or 
the removal of malic and tartaric acids, and also the employment of a 
sufficient quantity of lime water or chloride of calcium,. A very safe 
characteristic of eitrie acid also consists in the microscopie appearance of 
its baryta salt ($ 164, 5). Malie acid would be sufliciently characterized 
by the deportment of malate of lead when heated under water, were 
this reaction more sensitive, and not so easily prevented by the presence 
of other acids. The safest means of identifying malie acid is to convert 
it into maleic acid and fumarie acid by heating in a glass tube; but this 
conversion can be effeeted successfully only with pure hydrate of malic 
acid. Malate oflead is sparingly soluble in ammonia, whilst the eitrate 
and tartrate of lead dissolve freely in that agent; this different deport- 
ment of the lead salts of the acids affords a means of distinguishing be- 
tween them. 

Ifonly one of the four acids is present in a solution, lime-water will 
suflice to indicate which of the four is present; since malie acid is not 
precipitated by this reagent, eitric acid is precipitated only upon boiling, 
tartaric acid and oxalic acid being thrown down in the cold ; and the 
tartrate of lime redissolves upon addition of chloride of ammonium, whilst 
the oxalate does not. 

If the four acids together are present in a solution, the oxalic acid 
and tartaric acid are usually preeipitated first by chloride of caleium and 
ammonia, in presence of chloride of ammonium. But it must be noted 
here that the tartrate of lime requires some time for complete precipita- 
tion (it is separated from the oxalate by solution of soda), and also that 
alkaline citrate when present in any quantity prevents the thorough 
separation of oxalic acid and still more of tartarie acid. On adding 
alcohol in moderate quantity cautiously to the filtrate, the eitrate oflime 
separates, (and with it the rest ofthe oxalate and tartrate oflime.) On 
filtering again and mixing the filtrate with more alcohol, the malate of 
lime is thrown down. From this the hydrated acid is prepared by 
dissolving it in acetic acid, adding alcohol, filtering if necessary, mixing 
the filtrate with acetate of lead, neutralizing with ammonia, washing 
the precipitate, suspending it in water, treating with sulphuretted hy- 
drogen, filtering and evaporating the filtrate to dryness. A better 
method for the detection of malic acid in the presence ofthe three other 
acids consists in combining the acids with ammonia, concentrating 
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strongly, neutralizing the still warm Auid with ammonia (to dissolve the 
acid salts produced in the evaporation), and adding 8 volumes of alcohol 
of 98 per cent. After 12 or 24 hours the solution of malate of ammonia 
is filtered from the undissolved oxalate, tartrate, and eitrate of ammonia, 
tle malic acid is precipitated with acetate of lead and the pure hydrated 
acid is prepared from the precipitate (BArrFoED). Where a small 
quantity of eitric acid or malic acid is to be detected in presence of a 
large proportion of tartaric acid, the best way is to remove the latter 
first by acetate of potassa, with addition of an equal volume of strong 
alcohol. The other acids may then be completely preeipitated in the 
filtrate by excess of chloride of caleium and ammonia if the quantity ot 
the alcohol is a little increased. 
$ 167. 
Raczmic Acın (2H 0, C;H,0,,). 


The formula of ORYSTALLIZED RACEMIO ACID is2 HO, C,B,0,,+2aq. The erys- 
tallization water escapes slowly in the air, but rapidly at 100° (difference between 
racemic acid and tartaric acid). To solvents the racemic acid comports itself like the 
tartaric acid. The RACEMATES also show very similar deportment to that of the tar- 
trates. However, many of them differ in the amount of water they contain, and in form 
and solubility from the corresponding tartrates. The aqueous solution of racemie acid 
and the racemates exereises no diverting action upon polarized light. Chloride of 
caleium preeipitates from the solutions of free racemic acid and of racemates RACEMATE 
oF LIME (20a 0, C,H,0,,+8aq.), as a white erystalline powder. Ammonia throws 
down the preeipitate from its solution in hydrochlorie acid, either immediately or at 
least very speedily (difference between racemic acid and tartaric acid). It dissolves in 
solution of sodaand potassa, but is repreeipitated from this solution by boiling (difference 
between racemic acid and oxalic acid). Zime-water added in excess produces imme- 
diately a white precipitate insoluble in chloride of ammonium (difference between 
racemic and tartaric acid). Solution of sulphate of lime does not immediately produce 
a precipitate in a solution of racemic acid (difference between racemic and oxalic acid) ; 
however, after ten or fifteen minutes, racemate of lime separates (difference between 
racemic acid and tartarice acid) ; in solutions of neutral racemates the precipitate forms 
immediately. With salts of potassa racemic acid comports itself like tartarie acid. 
By letting racemate of soda and potassa or soda and ammonia erystallize, two kinds of 
erystals are obtained, which resemble each other as the image reflected by the mirror 
resembles the object reflected. The one kind of erystals contain common tartarie acid 
(which turns the plane of polarized light towards the right) ; the other kind contains 
antitartarie acid, i.e. an acid which is the same in every respect as tartaric acid, with 
this exception only, that it turns the polarized light towards the left. If the two kinds 
of erystals are redissolved, the solution shows again the reactions of racemic acid. 


Second Group. 


[ur HYDRATES or THE Acıps OF THE SECOND GROUP SUBLIME 
WITHOUT ALTERATION. BY HEATING WITH Nırrıc Acıp THEY 
ARE EITHER LEFT UNCHANGED (SuccINnIC AcID), OR MERELY 
CONVERTED INnTo Nırro-Acın (Bexzorc Acın). THE LimE- 
SALTS ARE READILY SOLUBLE IN WATER (BENZoIC AcıD), OR 
DIFFICULTLY SOLUBLE (Succınic Acın). THE SOLUTIONS OF 
THE NEUTRAL ÄLKALI-SALTS ARE PRECIPITATED BY SESQUI- 
CHLORIDE OF IRON : Suceinie Acid, Benzoie Acid. 


$& 168. 
a. Suvccınıc Acıp (2H 0,0,H,O,). 


1. HYDRATE OF succınıc AcıD forms colorlessand inodorous prisms 
or tables (rhombic prisms or rhomboid tables). It has a slightly acid 


216 SUCCINIG ACID. {8 168. 


taste, is readily soluble in water and alcohol, slightly soluble in ether, 
difteultly soluble in nitrie acid, and volatilizes when exposed to the 
action of heat, leaving only a little charcoal behind. The oflieinal acid 
has an empyreumatic odor, and leaves a somewhat larger carbonaceous 
residue upon volatilization. Suceinie acid is not destroyed by heating 
with nitric acid, and may therefore be easily obtained in the pure state 
by boiling with that acid for half an hour, by which means the oil of 
amber, if present, will be destroyed. By sublimation crystalline 
needles of silky lustre are obtained. The hydrate loses water in this 
process, so that by repeated sublimation anhydrous acid is ultimately 
obtained. Heated in the air suceinie acid burns with a biue flame, 
free from soot. 

2. The succInATES are decomposed at a red heat; those which 
have an alkali or alkaline earth for base are converted into carbonates 
with separation of charcoal. Most of the succinates are soluble in 
water. The suceinate of soda is scarcely soluble in strong alcohol and 
erystallizes well both as a neutral and acid salt;; hence it may be readily 
obtained in a pure state from very impure fluids. This property may 
be utilized for the detection and separation of the acid.* On heating 
the suceinates with bisulphate of potassa in a tube the acid sublimes. 
The acid may also be obtained from the salts by decomposing them 
with sulphuric acid, and extracting with warm absolute alcohol. 

3. On mixing a cold neutral moderately dilute solution of an 
alkaline suceinate with chloride of caleium, no precipitate is formed; on 
then adding alcohol a gelatinous precipitate of SUCCINATE OF LIME 
falls, —. soluble in chloride of ammonium. From this solution 
more alcohol reprecipitates the gelatinous salt; in case of great dilution 
no precipitate is produced at first, but in a short time the succinate of 
lime separates in the crystalline form (2 Ca 0, 0,H,0,+6.aq.). 

4. Sesquichloride of iron producesin solutions of neutral succinates of 
the alkalies a brownish pale red bulky precipitate of SUCCINATE OF 
SESQUIOXIDE OF IRON (Fe,0,,C,H,O,); one-third of the succinic 
acid is liberated in this reaction, and retains part of the precipitate in 
solution if the Huid is filtered off hot. The precipitate dissolves readily 
in mineral acids; ammonia decomposes it, causing the separation of a 
less bulky precipitate of a highly basic suceinate of sesquioxide of iron, 
and combining with the greater portion of the acid to suceinate of 
ammonia, which dissolves. 

5. Acetate of lead, when added drop by drop to a solution of free 
Suceinic acid, or of an alkaline suceinate, produces a white amorphous 
precipitate which is immediately redissolved in excess of suceinic acid, 
in alkaline suceinate, and in acetate of lead, but in a short time 
separates from such solutions in the erystalline form. The precipitate 
consists of neutral SUCCINATE oF LEAD (2Pb0,C,H,Ö0,); it is 
barely soluble in water, acetic acid, suceinie acid, and acetate of lead, 
readily soluble in nitric acid; by ammonia it is converted into a basic 
salt (6 PbO,C,H,,). 

6. A mixture of alcohol, ammonia, and chloride of barium produces in 
solutions of free succinie acid and of suceinates a white precipitate of 
SUCCINATE OF BARYTA (2 Ba0,C,H,O,). 


* Compare MEIssxER and JoLLY, Zeitschr. f. anal, Chem. 4, 502. 
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$ 169. 
db. Benzoıc Acın (H0,C,H,O,). 


1. Pure HYDRATE OF BENZOIG AcıD forms inodorous white scales 
or needles, or simply a erystalline powder. It fuses when heated, and 
afterwards volatilizes completely. The fumes cause a peculiar irritating 
sensation in the throat, and provoke coughing ; when cautiously cooled, 
they condense to brilliant needles; when kindled, they burn with a 
luminous sooty flame. Ihe common offieinal hydrate of benzoic acid 
has the odor of benzoin, and leaves a small carbonaceous residue upon 
volatilization. Hydrate of benzoie acid is very sparingly soluble in 
cold water, but it dissolves pretty freely in hot water and in alcohol. 
Addition of water imparts therefore a milky turbidity to a saturated 
solution of the acid in alcohol. 

2. Most of the BENZoATES are soluble in water; only those with 
weak bases, e.g., sesquioxide of iron, are insoluble. "The soluble 
benzoates have a peculiar pungent taste. The addition of a strong acid 
. to concentrated aqueous solutions of benzoates displaces the benzoie 
acid, which separates as hydrate in the form of a dazzling white 
sparingly soluble powder. Benzoic acid is expelled in the same way 
from the insoluble benzoates by such strong acids as form soluble salts 
with the bases with which the benzoic acid is combined. 

3. Sesquichloride of iron precipitates solutions of free benzoic acid 
incompletely ; solutions of neutral benzoates of the alkalies completely. 
The precipitate of BENZOATE OF SESQUIOXIDE OF IRON [2 Fe,O,, 
5 (C,,H,0,)+15.agq.], is bulky, flesh-coloured, insoluble in water. It 
is decomposed by ammonia in the same manner as succinate of sesqui- 
oxide of iron, from which salt it differs in this, that it dissolves in a 
little hydrochlorie acid, with separation of the greater portion of the 
benzoic acid. 

4. Acetate of lead fails to preeipitate free benzoie acid, but it pro- 
duces flocculent rg in solutions of alkaline benzoates. The 
ee is insoluble in benzoate of soda, but dissolves in acetate of 

ead. . 

5. A mixture of alcohol, ammonia, and chloride af barium, or chloride 
of ealeium produces no precipitate in solutions of benzoic acid or of the 
alkaline benzoates. 


$ 170. 


Recapitulation and remarks —Suceinic and benzoic acids are dis- 
tinguished from one another by the color of their salts with sesquioxide 
of iron, and also by their different deportment with chloride of barium 
or chloride of calcium and alcohol; but principaily by their different 
degrees of solubility, suceinic acid being readily soluble in water, 
whilst benzoic acid is very diflieult of solution. Suceinie acid is seldom 
perfectly pure, and may therefore often be detected by the odor of oil 
of amber which it emits. 

The detection of the two acids, when present in the same solution 
with other acids, may be effected as follows: precipitate with sesqui- 
chloride of iron, warm the washed preeipitate with ammonia, filter, 
concentrate the solution, divide it into two parts, and mix one part with 
hydrochloric acid, the other with chloride of barıum and alcohol. 
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‚Suceinie acid and benzoic acid do not prevent the precipitation of ses- 
quioxide of iron, alumina, &c., by alkalies. 


Third Group. 


Tue Hyoratzs or tuE Acıns or THE TuırD GROUP MAY BE 
DISTILLED WITH WATER (THE HyDrATE or Lacrıic Acıp wITH 
DIFFICULTY). THE LiME-SALTS ARE READILY SOLUBLE IN WATER. 
THE SoLuTIons OF THE NEUTRAL ALKALINE-SALTS ARE NOT PRE- 
CIPITATED IN THE COLD BY SESQUICHLORIDE OF IRoON : Acetie Acid, 
Formie acid (Lactic Acid, Propionic Acid, Butyrie Acid). 


s 171. 
a. Acrrıc Acınp (HO,0,H,0,). 


1. The HYDRATE oF ACETIC AcıD forms transparent crystalline 
scales, which fuse at 17° to a colorless fluid of a peculiar pungent and 
penetrating odor, and exceedingly acid taste. When exposed to the 
action of heat it volatilizes completely, forming pungent vapors, which 
burn with a blue flame. It is miscible with water in all proportions ; 
it is to such mixtures ofthe acid with water that the name of’acetic acid 
is commonly applied. The hydrate of acetic acid is also soluble in 
alcohol. 

2. The AcETATES undergo decomposition at a red heat ; among the 
products of this decomposition we ee find hydrate of acetic acid, 
and almost invariably acetone (C,H,O,). The acetates of the alkalies 
and alkaline earths are converted into carbonates in this process; of the 
acetates with metallic bases many leave the metal behind in the pure 
state, others in the form of oxide. Most of the residues which the 
acetates leave upon ignition are carbonaceous. Nearly all acetates dis- 
solve in water and in alcohol ; most of them are readily soluble in water, 
a few only are difficult of solution in that menstruum. If acetates are 
distilled with dilute sulphuric acid, the free acetic acid is obtained in the 
distillate. 

3. If sesquichloride of iron is added to acetic acid, and the acid is then 
nearly saturated with ammonia, or if a neutral acetate is mixed with 
sesquichloride of iron, the fluid acquires a deep red color, owing to the 
formation of ACETATE OF SESQUIOXIDE OF IRON. By boiling the 
fluid becomes colorless if it contains an excess of acetate, the whole of 
the sesquioxide of iron precipitating as a basic acetate, in the form of 
brown-yellow flakes. Ammonia precipitates from it the whole of the 
sesquioxide of iron as hydrate. By addition of hydrochloric acid a Auid 
which appears red from the presence of acetate ofsesquioxide ofiron turns 
yellow (difference from sulphocyanide of iron). 

4. Neutral acetates (but not free acetic acid ofa certain degree of 
dilution) give with nitrate of silver white crystalline preeipitates of 
ACETATE OF SILVER (Ag O,U,H, O,), which are very sparingly soluble 
in cold water. "They dissolve more easily in hot water, but separate 
again upon cooling, in the form of very fine crystal. Ammonia dis- 
solves them readily; free acetic acid does not increase their solubility 
in water. 

5. Nitrate of suboxide af mercury produces in acetic acid, and more 
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readily still in acetates, white scaly erystalline precipitates of ACETATE 
OF SUBOXIDE OF MERCURY (Hg, 0, C,H, O,), which are sparingly soluble 
in water and acetic acid in the cold, but dissolve without dificulty in an 
excess of the precipitant. The preeipitates dissolve in water upon heat- 
ing, but separate again upon cooling, in the form of small erystals ; in 
this process the salt undergoes partial decomposition: a portion of the 
mercury separates in the metallic state, and imparts a gray color to the 
precipitate. Ifthe acetate of suboxide of mercury is boiled with dilute 
acetic acid, instead of water, the quantity of the metallic mercury which 
separates is exceedingly minute. 

6. Chloride of mercury produces no precipitate of subchloride of mer- 
cury with acetie acid or acetates upon heating. 

7. By heating acetates with eoncentrated sulphurie acid HYDRATE OF 
ACETIG AcıD is evolved, which may be known by its pungent odor. 
But if the acetates are heated with a mixture of about equal volumes of 
eoncentrated sulphurie acid and alcohol, ACETIC ETHER (C, B,0,0,H, 0,) 
is formed. The odor ofthis ether is highly characteristic and agreeable ; 
itis most distinet upon shaking the mixture when somewhat cooled, and 
is u less liable to lead to mistakes than the pungent odor of the 
acid. 

8. If dilute acetie acid is heated with an excess of oxide of lead, part 
of the latter dissolves as basic acetate oflead. The fluid has an alkaline 
reaction: it gives no erystals on cooling. 


$ 172. 
d. Formıc Acıp (H0,C,H0,). 


1. The HYDRATE OF FORMIO ACID is a transparent and colorless 
slightly fuming liquid of a characteristic and exceedingly penetrating 
odor. When cooled to below 0°, it erystallizes in colorless plates. It is 
miscible in all proportions with water and alcohol. When exposed to the 
en of heat, it volatilizes completely; the vapors burn with a blue 

ame. 

2. The FORMATES, like the BREDL RE acetates, leave upon igni- 
tion either carbonates, oxides, or metals ehind, the process being 
attended with separation of charcoal, and escape of carbide of hydro- 
en, carbonic acid, and water. All the compounds of formic acid with 
Dases are soluble in water; alcohol also dissolves many of them but 
not all. 

3, Formic acid shows the same reaction with sesquichloride gf iron a8 
acetic acid. 

4. Nitrate of silver fails to preeipitate free formic acid, and decom- 
poses the alkaline formates only in concentrated solutions. The white 
sparingly soluble, erystalline precipitate of FORMATE OF SILVER (Ag, 
C,H O,) acquires very rapidly a darker tint, owing to tlıe separation of 
metallic silver. Complete reduetion of the oxide of silver to the me- 
tallic state takes place, even in the cold, after the lapse of some time ; 
but immediately upon applying heat to the fluid containing the precipi- 
tate. The same reduction of the oxide of silver to the metallic state 
takes place in a solution of free formie acid, and also in solutions of for- 
mates so dilute that the addition of the nitrate of silver failstto produce a 
preeipitate. But it does not take place in presence of an excess of am- 
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monia. The rationale of this reduction is as follows: the formic acid, 
which may be looked upon as a compound of carbonic oxide with water, 
deprives the oxide of silver of its oxygen, thus causing the formation of 
carbonic acid, which escapes, and of water, whilst the reduced silver 
Separates, 

5. Nitrate of subowide of mercury gives no precipitate with free formic 
acid: but in solutions ofalkaline formates this reagent produces a glisten- 
ing white sparingly soluble precipitate of FORMATE OF SUBOXIDE OF 
MERCURY (Hg, 0, C,H O,), which rapidly becomes gray, owing to the 
separation of metallic mercury. Complete reduction ensues, even in the 
cold, after the lapse of some time, but is immediate upon application of 
heat. This reduction is also attended with the formation of carbonic 
acid and water, and takes place, as with the oxide ofsilver, both in solu- 
tions of free formic acid and in Huids so highly dilute that the formate of 
suboxide of mercury is retained in solution. 

6. Ifformic acid or an alkaline formate is heated with chloride af mer- 
cury to between 60° and 70° SUBCHLORIDE OF MERCURY precipitates. 
Presence of free hydrochlorie acid or of somewhat considerable quanti- 
ties of alkaline chlorides prevents the reaction. 

7. If formie acid or a formate is heated with concentrated sulphuric acid 
the formie acid is resolved into water and carbonic oxide gas, which 
latter escapes with effervescence and, if kindled, burns with a blue flame. 
The fluid does not turn black in this process. The rationale of the 
decomposition of the formic acid is this: the sulphuric acid withdraws 
from the formie acid the water or the oxide necessary for its existenre, 
and thus occasions a transposition ofits elements (0,H0,=2C0+HO0). 
Upon heating formates with dilute sulphuric acid in a distilling appa- 
ratus free formic acid is obtained in the distillate, and may mostly be 
readily detected by its odor. Upon heating a formate with a mixture 
of strong sulphuric acid and alcohol formie ether is evolved, wbich is 
characterized by its peculiar arrack-like smell. 

8. If dilute formic acid is heated with excess of owide af lead, the 
latter partially dissolves. The Huid has an alkaline reaction. On cool- 
ing the solution, which, if necessary, is concentrated by evaporation, the 
FORMATE OF LEAD (Pb0,C,H0,) separates in brilliant prisms or 
needles. 


$ 178. 


Rtecapitulation and remarks.—Acetic acid and formie acid may be dis- 
tilled over with water, and form with sesquioxide ofiron soluble neutral 
salts which dissolve in water, with a blood-red color, and are decomposed 
upon boiling. These reactions distinguish the two acids of the third 
group from the other organic acids.. From each other the two acids are 
distinguished by the odor of their hydrates and ethyle compounds, and 
by their different reactions with salts ofsilver and salts of mercury, oxide 
of lead, and concentrated sulphuric acid. The separation of acetic acid 
from formie acid is effected by heating the mixture ofthe two acids with 
an excess of oxide of mercury or oxide of silver. Formic acid reduces 
the oxide, and suffers decomposition, whilst the acetie acid combines with 
tlıe oxide, and remains in solution. 
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8 174. 
Rarer Acids of the third group. 
1. Lacrıo Acıp (2H O, C,H ,00)- 


TLactic acid is deve'oped in animal fluids, vegetable matters that have turned sour, 
&c. Pure hydrate of lactic acid is an inodorous syrupy liquid ; it has a pure acid, 
sharp taste. When it is slowly heated in a retort to 130°, water containing a little 
"hydrated lactic acid distils over, leaving a residue of anhydrous lactie acid (CO), H,, 019)» 
which between 250° and 300° is decomposed into carbonic oxide, carbonie acid, lactide, 
and other products. Hydrate of lactie acid dissolves freely in water, alcohol, and 
ether. Upon boiling the aqueous solution a little lactic acid volatilizes with the aqueous 
vapour. Allthe lactates are soluble in water, the greater part of them, however, only 
sparingly ; it is the same with regard to spirit of wine ; they are all insoluble in ether. 
The production of some of these salts and the examination of their form under the 
mieroscope supply the means for the detection of lactic acid ; lactate of lime and 
lactate of zine are the best suited for this purpose. Lactate of lime may be con- 
veniently prepared from animal or vegetable juices by the following method devised by 
SCHERER :—Dilute the liquid, if necessary, with water, mix witb baryta-water, and 
Älter. Distil the filtrate with some sulphuric acid (to remove volatile acids), digest 
the residue several days with strong alcohol, distil the acid solution with a little milk 
of lime, filter warm from the excess of lime and the sulphate of lime, conduct carbonic 
acid into the filtrate, heat once more to boiling, filter from the precipitated carbonate 
of lime, evaporate the filtrate, warm the residue with strong alcohol, filter, and let the 
neutral filtrate stand several days to give the lactate of lime time to erystallize. 
Should the quantity of lactic acid present be insuflicient to allow the formation of 
erystals, evaporate the fluid to syrupy consistence, mix with strong alcohol, let the 
mixture stand some time, decant or filter the alcoholie solution into a vessel that can 
be closed, and add gradually a small quantity of ether. This process will cause even 
minute traces of lactate of lime to separate from the fluid. Lactate of lime shows 
under the mieroscope the form of minute crystalline needles aggregated in tufts with 
short stalks, pairs of them always being joined at the stalked ends, so as to look like 
paint-brushes united together. —Lactate of zinc deposited quickly from its solution 
shows under the microscope the form of spherical groups of needles. The slow evapo- 
ration of solution of lactate of zine gives first erystals resembling clubs truncated at 
both ends; these erystals gradually increase in size; the two ends apparently 
diminish, whilst the middle parts increase in size (FUNKE). 


2. Prorioxic Acıp (HO, C,H, 0,), and 3. Buryrıc Acıp (H 0, C,H, O,). 


ProPpronIic acınD is formed under a great variety of circumstances; it is chiefly 
found in ferımented liquids. The pure hydrate of the acid crystallizes in minute plates ; 
it boils at 140—142°; it dissolves readily in water. Propionic acid floats as an 
oily stratum on aqueous solution of phosphoric acid and on solution of chloride of 
caleium. It has a peculiar smell, which reminds both of butyric and acetie acid. 
Upon distilling the aqueous solution, the propionic acid passes over into the distillate. 
BurrRIc ACID is frequently found in animal and vegetable matter, more particularly 
also in fermented liquids of various kinds. The pure hydrate of the acid is a colorless, 
mobile, corrosive, intensely sour fluid, of a disagreeable odor, a combination of the 
smell of raneid butter and acetic acid ; it boils at 160°. It is miscib'e in all propor- 
tions with water aud alcohol. It is separated from the concentrated aqueous solution 
by chloride of caleium, concentrated acids, &c., in the form of a thin oil. The smell 
of butyrie acid is particularly strong in the aqueous solution of the acid. Upon dis- 
tilling tbe aqueous solution, vhe acid passes vver with the aqueous vapors. 

Propionie acid and butyric acid are often found associated with formic acid and 
acetie acid in fermented liquids, in guano, and in many mineral waters. The detec- 
tion of the several acids may in such cases be effected as follows: dilute the substance 
sufficiently with water, acidify with sulphurie acid, and distil; saturate the distillate 
with baryta-water, evaporate to dryness, and treat the residue repeateily with boiling 
alcohol of 85 per cent. This will leave the formate of baryta and part of the acetate, 
the remainder uf the acetate, together with the propionate and butyrate, dissolving in 
the alcohol. Evaporate the alcoholie solution, dissolve the residue in water, decompose 
cautiously with sulphate of silver, boil, filter, and let the fluid (which ouglıt rather 
to contain a little undecomposed baryta salt than any sulphate of silver) evaporate 
underthe desiscator. Take out separately the erystals, which form first, those which 
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form after, and those which form last, and examine them to ascertain their nature, 
Acetate of silver emits upon solution in concentrated sulphuric acid the odor of acetic 
acid, and gives no oily drops ; propionate and butyrate of silver emit the peculiar odor of 
the acids, and give oily drops, which, however, with minute quantities are visible 
only under the microscope. To distinguish positively between propionie and butyric 
acid, it is indispensable to determine the amount of silver in the separated silver salts, 
and to fix by thisthe atomic weight ofthe acids. Ifmuch acetate of baryta has passed 
into the solution, with a small quantity only of butyrate and propionate, the baryta is 
first exactly precipitated with sulphuric acid from the aqueous solution of the baryta 
salts soluble in alcohol, half of the acid fluid neutralized with soda, the other half 
added, the fluid then distilled, the distillate, which now contains principally propionie 
and butyric acids, saturated with baryta, then decomposed with sulphate of silver, and 
the remaining part of the process conducted as above. 


PART II 
SYSTEMATIC COURSE 


or 


QUALITATIVE CHEMICAL ANALYSIS. 


PRELIMINARY REMARKS 


ON THE 


COURSE OF QUALITATIVE ANALYSIS IN GENERAL, AND ON THE PLAN 
OF THIS PART OF THE PRESENT WORK IN PARTICULAR. 


Tue knowledge of reagents and of the deportment of bodies with them 
enables us to ascertain at once whether a simple compound of which the 
physical properties permit an inference as to its nature, is in reality 
what we suspect it to be. Thus, for instance, a few simple reactions 
suflice to show that a body which appearsto be calcareous spar is really 
carbonate of lime, and that another which we hold to be gypsum is 
actually sulphate oflime. This knowledge usually suffices alsoto ascertain 
whether a certain body is present or not in a mixture; for instance, 
whether or not a white powder contains subehloride of mercury. But 
if our design is to ascertain the chemical nature of a substance entirely 
unknown to us—if we wish to discover allthe constituents of a mixture 
or chemical compound—if we intend to prove that, besides certain 
bodies which we have detected, no other substance can possibly be 
present—if consequently a complete qualitative analysis is our object, 
the mere knowledge of the reagents, and of the reactions of bodies with 
them, will not suflice for the attainment of this end; this requires the 
additional knowledge of a systematic course of analysis, in other words, 
the knowledge of the order in which solvents, and general and special 
reagents, should be applied, both to effect the speedy and certain 
detection of every element present, and to prove with certainty the 
absence ofall others. If we do not possess the knowledge of this syste- 
matic course, or if, in the hope of attaining our objeet more rapidly, we 
adhere to no method, analyzing becomes (at least in the hands of a 
novice) mere guess-work, and the results obtained are no longer the 
fruits of scientific calculation, but mere matters of accident, which 
sometimes may prove lucky hits, and at others total failures. 

Every analytical investigation must therefore be based upon a 
definite method. But it is not by any means necessary that this 
method should be the same in all cases. Practice, reflection, and a 
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due attention to cireumstances will, on the contrary, generally lead to 
the adoption of different methods for different cases. However, all 
analytical methods agree in this, that the substances to be looked for 
are in the first place classed into groups, which are then again sub- 
divided, until the individual detection of the various substances present 
is finally accomplished. The diversity of analytical methods depends 
partly on the order in which reagents are applied, and partly on their 
selection. 

Before we can venture upon inventing methods of our own for indi- 
vidual cases, we must first make ourselves thoroughly conversant with 
a course of chemical analysis in general. This system must have 
passed through the ordeal of experience, and must be adapted to every 
imaginable case, so that afterwards, when we have acquired some 
practice in analysis, we may be able to determine which modification of 
the general method will be best adapted to a given case. 

The exposition of such a systematie course, adapted to all cases, 
tested by experience, and combining simplieity with the greatest pos- 
sible security, is the object of the First Section. 

The elements and compounds comprised in it are the same which 
we have studied in Part I., with the exception of those discussed more 
briefly, and marked by the use of smaller type. 

The subdivisions of this systematic course are, 1, Preliminary 
Examination ; 2, Solution; 3, Actual Examination. 

The third subdivision (the Actual Examination) is again divided into 
(1) Examination of compounds in which but one base and one acid are 
assumed to be present; and (2) Examination ofmixtures or compounds 
in which all the substances treated in the present work are assumed 
to be present. With respect to the latter I have to remark that where 
the preliminary examination has not clearly demonstrated the absence 
of certain groups of substances, the student cannot safely disregard any 
of the paragraphs to which reference is made in consequence of the 
reactions observed. In cases where the intention is simply to test a 
mixture for certain substances, and not to ascertain all its constituents, 
it will be easy to select the particular numbers which ought to be 
attended to. 

As the construction of a universally applicable systematic course 
of analysis requires due provision for every contingeney that may 
possibly arise, it is self-evident that, though in the system here laid 
down the various bodies comprised in it have been assumed to be 
mixed up together in every conceivable way, it was absolutely indis- 
pensable to assume that no foreign organic matters were present, since 
the presence of such matters would introduce various complications. 

Although the general analytical course laid down here is devised 
and arranged in a manner to suit all possible contingencies, still there 
are special cases in which it may be advisable to modify it. A preli- 
minary treatment of the substance is also sometimes necessar ‚ before 
the actual analysis can be proceeded with; the presence of coloring or 
slimy organic matters more especially requires certain preliminary 
operations. The Second Section will be found to contain a detailed 
description of the special methods employed to meet certain cases which 
frequently occur. Some of these methods show how the analytical 
process becomes simplified as the number of substances decreases to 
which regard must be had. 
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In conelusion, as an intelligent and successful pursuit of analysis is 
possible only with an accurate knowledge of the principles whereon 
the detection and separation of bodies depend, I have given in the 
Third Section an explanation of the general analytical process, with 
numerous additions to the practical operations. As this third section 
may properly be regarded as the key to the first and second sections, I 
strongly recommend students to make themselves early and thoroughly 
acquainted with it. I have devoted a special section to this theoretical 
explanation, as I think it will be understood better in a connected form 
than it would have been by explanatory additions to the several 
paragraphs, which, moreover, might have materially interfered with 
the perspieuity of the practical process. 

I have also in this third section taken occasion to point out in what 
residues, solutions, preeipitates, &c., which are obtained in the sys- 
tematie course of analysis, the more rarely oceurring elements may 
be expected to be met with; and also to give instructions how to 
proceed with a view to ensure the detection of these bodies also 
systematically. 





SECTION I 


PRACTICAL PROCESS FOR THE ANALYSIS OF COMPOUNDS AND 
MIXTURES IN GENERAL. 


I. PRELIMINARY ExAMINATION.* 


& 175. 


ExAmıneE, in the first place, the external properties, such as the It 
color, shape, hardness, gravity, odor, &e., of the substance, since 
these will often enable you in some measure to infer its nature. 

- Before proceeding, if the ecagen of the substance is limited, you 
must consider how much may safely be spared for the preliminary 
examination. A reasonable economy is in all cases advısable, even 
though you may possess the substance in large quantities; but, under 
all eircumstances, let it be a fixed rule never to use up the whole 
of what you possess of a substance, but always to keep a portion of 
it for unforeseen contingencies, and for confirmatory experinfents. 


A. Tuz BopyY UNDER EXAMINATION IS SOLID, 
I, Ir ıs nEITHER A METAL NOR AN ALLOY. 


$ 176. 


1. The substance is fit for examination if in ee orin minute 2 
erystals; butin the case of larger erystals or solid pieces, a portion 
must, if practicable, be first reduced to fine powder. Bodies of the 
softer kind may be triturated ina porcelain mortar; those of a harder 


* Consult also the observations in the Third Section of Part II. 
- + These marginal numbers are simply intended to facilitate reference. 
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nature must first be broken into small pieces in a steel mortar; 
or upon a steel anvil, and the pieces then be triturated in an agate 
mortar. ö 

2. PUT SOME OF THE POWDER INTO A GLASS TUBE, SEALED 
AT ONE END, ABOUT SIX CENTIMETRES LONG AND FIVE MILLI- 
METRES WIDE, AND HEAT first gently over the spirit or gas-lamp, 
then intensely in the blowpipe Hame. The reactions resulting may 
lead to many positive or probable conclusions regarding the nature 
of the substance. The following are the most important of these 
reactions, to which particular attention ought to be paid; it often 
occurs that several of them are observed in the case of one and the 
same substance. 


a. THE SUBSTANCE REMAINS UNALTERED: absence of 4 


organic matters, salts containing water of erystallization, rea- 
dily fusible matters, and volatile bodies (except carbonie acid, 
which often escapes without visible change). 

b. THE SUBSTANCE DOES NOT FUSE AT A MODERATE HEAT 
BUT SIMPLY CHANGES COLOR. From white to yellow, turning 
white again on cooling, indicates OXIDE OF zınc; from 
white to yellowish brown, turning to a dirty light yellow on 
cooling, indicates BINOXIDE OF TIN; from white or yellowish- 
red to brownish-red, turning to yellow on cooling, the body 
fusing at a red heat, indicates OXIDE OF LEAD; from white, or 
pale yellow, to orange yellow, up to reddish-brown, turning 
pale yellow on cooling, the body fusing at an intense red heat, 
indicates TEROXIDE OF BISMUTH; from brownish-red to black, 
turning brownish-red again on cooling, indicates SESQUIOXIDE 
OF IRON; from yellow to dark orange, the body fusing at an 
intense heat, indicates NEUTRAL CHROMATE OF POTASSA, &c. 

c. THE SUBSTANCE FUSES WITHOUT EXPULSION OF 
AQUEOUS VAPORS. If by intense heating, gas (oxygen) is 
evolved, and a small fragment of charcoal thrown in is ener- 
getically consumed, NITRATES Or CHLORATES are indicated. 

d. AQUEOUS VAPORS ARE EXPELLED, WHICH CONDENSE 
IN THE COLDER PART OF THE TUBE:! this indicates either 
(a) SUBSTANCES CONTAINING WATER OF CRYSTALLIZATION, 
in which case they will generally readily fuse, and re-solidify 
after expulsion of the water; many of these swell considerably 
whilst yielding up their water, e.g., borax, alum ; or (ß) decom- 
posable HYDRATES, in which case the bodies often will not fuse ; 
or (y} anhydrous salts, holding WATER MECHANICALLY EN- 
CLOSED between their lamell, in which case the bodies will de- 
crepitate; or (8) bodies with MOISTURE externally adhering to 
them. 

Test the reaction of the condensed fluid in the tube; if it 
is alkaline, ammonia is indicated; if acid, a volatile acid (sul- 
huric, sulphurous, hydrofluoric, hydrochloric, hydrobromic, 
ER nitric, &e). 

e. (AASES OR FUMES ESCAPE. Öbserve whether they have a 
color, a smell, an acid or alkaline reaction, whether they are 
inflammable, &c. 

ac, OXYGEN indicates peroxides, chlorates, nitrates, &e. A 
glimmering slip of wood is relighted in the gaseous current. 
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3b. Sur.pmuRous AcıD is often produced by the decompo- 
sition of sulphates; it may be known by its odor and by its 
acid reaction. 

co. Hyponıtrıc Acın, resulting from the decomposition 
of nitrates, especially those of the heavy metals; it may be 
known by the brownish-red color and the odor of the fumes. 

dd. CARBONIC AcıD indicates carbonates decomposable by 
heat, or oxalates of reducible metals. The gas is colorless 
and tasteless, non-inflammable ; a drop of lime-water on a 
watch-glass becomes turbid on exposure to the gaseous 
current. 

ee. CARBONIG OXIDE indicates oxalates and also formates. 
The gas burns with a blue flame. In the case of oxalates the 
carbonie oxide is generally mixed with carbonic acid, and is 
therefore more difhicult to kindle :in the case of formates there 
is marked carbonization. Oxalates evolve carbonic acid when 
brought into contact with binoxide of manganese, a little 
water, and some concentrated sulphuric acid, on a watch- 
glass; formates evolve no carbonie acid under similar cir- 
cumstances. 

‚ff. CHLORINE, BROMINE, OR IODINE indicate decom- 
posable chlorides, bromides, or iodides. The gases are readily 
recognised by their color and odor. Iodine, if evolvedin any 
quantity, forms a black sublimate (compare 9). 

99. ÖYAnocEn indicates cyanides decomposable by heat. 
The gas may be known by its odor, and, when tolerably pure, 
by the crimson flame with which it burns. 

yh. Hyprosunpmurıc AcıD indicates sulphides containing 
water; the gas may be readily known by its odor. 

ii. Ammonta, resulting from the decomposition of ammo- 
niacal salts, or also of cyanides or nitrogenous organic matters, 
in which latter cases browning or carbonization takes place, 
and either eyanogen or offensive empyreumatic oils escape 
with the ammonia. 

f. A SUBLIMATE FORMS,. This indicates volatile bodies : 


the following are those more frequently met with — 


aa. SurLpuur. Eliminated from mixtures or from many 
of the metallic sulphides. Sublimes in reddish-brown drops, 
which solidify on cooling, and turn yellow or yellowish- 
brown. 

»b. Iovınz. Eliminated from mixtures, many iodides, iodic 
acid, &c. Violet vapor, black sublimate, smell of iodine. 

ce. AMMONIA SALTS give white sublimates; heated with 
carbonate of soda and a drop of water on platinum foil they 
evolve ammonia. 

dd. MERCURY and its compounds. METALLIC MERCURY 
forms globules ; SULPHIDE OF MERCURY is black, but ac- 
quiresa red tint when rubbed ; CHLORIDE OF MERCURY fuses 
before volatilizing; SUBCHLORIDE OF MERCURY sublimes 
without previous fusion, the sublimate, which is yellow whilst 
hot, turns white on cooling. The red IODIDE OF MERCURY 
gives a yellow sublimate. 

ee. ARSENIC and its aaa METALLIC ARSENIC 

Q 


27 
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forms the well-known arsenical mirror; ARSENIOUS ACID 

forms small shining erystals; the sULPHIDES OF ARSENIC 

give sublimates which are reddish-yellow whilst hot, and turn 
yellow on cooling. 

Jf. TEROXIDE OF ANTIMONY fuses to a yellow liquid before 
subliming. The sublimate consists of brilliant needles. 

99. BENZoIC Acın and succınıc Acın. The oflicinal im- 
pure acids may be known by the odor of their fumes. 

hh. HyDRATED oxALIc Acın. White erystalline subli- 
mate, thick irritating fumes in the tube. Hesking a small 
sample on platinum-foil with a drop of concentrated sulphuric 
acid gives rise to a copious evolution of gas. 

9. CARBONIZATION TAKES PLACE: organic substances. 10 
This is always attended with evolution of gases (acetates evolve 
acetone) and water, which latter has an alkaline or acid reac- 
tion. If the residue effervesces with acids, whilst the original 
substänce did not show this reaction, organic acids may be as- 
sumed to be present in combination with alkalies or alkaline 
earths. Salts containing readily reducible metallic oxides in 
combination with organic acids, often leave the metal behind, 
and in consequence of the combustion of the carbon at the ex- 
pense of the metallic oxide, the residue may contain little or no 
carbon. 

3. PLACE A SMALL PORTION OF THE SUBSTANCE ON A CHAR- 11 
COAL SUPPORT (in the cavity scooped out for the purpose), AND 
EXPOSE TO THE INNER BLOWPIPE FLAME, 

As most ofthe reactions described under 2 (3—10) are also pro- 
duced by this process, only those appearances will be mentioned 
which are peculiar to thisexperiment. Evolution of sulphurous acid, 
when the flame plays upon the sample, generally indicates a sulphide. 
The following are the reactions which will permit pretty accurate 
conclusions. 

a. THE BoDY FUSES, AND IS ABSORBED BY THE CHARCOAL 19 
OR FORMS A BEAD IN THE CAVITY, not attended by incrusta- 
tion : indicates more particularly salts ofthe alkalies. 

b. An INFUSIBLE WHITE RESIDUE REMAINS on the char- 13 
coal, either at once or after previous melting in the water of 
erystallization ; indicates more particularly baryta, strontia, 
lime, magnesia, alumina, oxide of zinc (appears yellow whilst 
hot), and silicie acid. Among these substances STRONTIA, 
LIME, MAGNESIA, and OXIDE OF ZINC are distinguished by 
strong luminosity in the blowpipe tlame. Moisten the white 
residue with a drop of nitrate of cobalt, and expose again to a 
strong heat. A fine blue tint indicates ALUMINA; a green 
OXIDE OF ZINC. In the presence of siLICIC AcıD and of many 
alkaline earthy PHosPHATES a more or less blue coloration is 
produced. 

In the case a or dthe preliminary examination for alkalies and 
alkaline earths may be completed by inspecting the colors which 
the substances impart to Hame. For this purpose a little of the 
substance is attached to the loop of a fine platinum wire, 
moistened repeatedly with sulphurie acid, dried cautiously near 
the border of tlıe fame, and then held in the fusing zone of 
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Bunsen’s gas-flame. The colorations caused by the alkalies 
will make their appearance first, followed—after volatilization 
ofthe alkalies, by that of baryta, and finally—after moistening 
with hydrochlorie acid—by those of strontia and lime. For 
details see $ 92 and $ 9. 
ec. THE SUBSTANCE LEAVES A RESIDUE OF ANOTHER COLOR, 14 

OR REDUCTION TO THE METALLIC STATE TAKES PLACE, OR 
AN INCRUSTATION FORMS ON THE CHARCOAL. Mix a portion 
of the powder with carbonate of soda and a drop of water, and 
heat on charcoal in the redueing flame ; observe the residue in 
the cavity as well as the inerustation on the charcoal. 

a. The sustained application of a strong flame produces a 15 
metallic globule, without incrustation of the charcoal, in- 
dientes GOLD OR COPPER. The latter is at once recognised 
by the green coloration of the flame. The oxides of platinum, 
iron, cobalt, and nickel are indeed also reduced, but they 

ield no metallic globules. 

ß. The charcoal support is coated with an incrustation, 16 
either with or without formation of a metallic globule. 

aa. The incrustation is white, at some distance from the 
test specimen, and is very readily dissipated by heat, 
emitting a garlic-like odor : ARSENIC. 

»b. The incrustation is white, nearer the test specimen 
than in aa, and may be driven from one part of the support 
to another: anrımony. Metallic globules are enerally 
observed at the same time, which continue to SR white 
fumes long after the blowpipe jet is discontinued, and upon 
cooling become surrounded with erystals of teroxide of 
antimony ; the globules are brittle. 

ce. The incrustation is yellow whilst hot, but turns white ' 
on cooling ; it is pretty near the test specimen and is witlı 
difheulty volatilized: zINc. 

Ad. The incrustation has a ‚faint yellow tint whilst hot, 
but turns white on cooling ; it surrounds the test specimen 
closely, and both the inner and outer HHaıne fail to volatilize 
it: rin. The metallic globules formed at the same time, 
but only in a strong reducing Hame, are bright, readily 
fusible, and malleable. 

ee. The incrustation has a lemon-yellow color, turning 
on cooling to sulphur-yellow; heated in the reducing 
flame it leaves its place with a blue gleam: LEAD. 
Readily fusible, malleable globules are formed at the same 
time with the incrustation. 

‚ff. The inerustation is of a dark orange-yellow color 
whilst hot, which changes to lemon-yellow on cooling ; 
heated in the reducing ame it leaves its place without a 
blue gleam: sısmurn. The metallic eiokalig formed at 
the same time as the incrustation are readily fusible and 
brittle. 

99. The incrustation is reddish-brown, in thin layers 
orange-yellow; it volatilizes without a coloured gleam : 
CADMIUM. 

hh. The incrustation is dark-red: sıL.ver Where lead 
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and antimony are present at the same time, the incrus- 

tation is crimson. 

In cases where areduction to the metallic state has taken 
place, moisten the sample with water, scoop it out, triturate 
in a small agate dish, and wash off the charcoal partieles 
with water—when the gold will be obtained in yellow, the 
copper in coppery-red, the silver in nearly white, the 
tin in grayish-white, the lead in whitish-gray minute 
plates or strips, the bismuth as a reddish-gray, the zinc as 
a bluish-white, the antimony as a gray powder. When 
copper and tin, or copper and zinc, are present at the same 
time, yellow alloys are occasionally formed. 

4. FUsE A SMALL PORTION WITH A BEAD OF MICROCOSMIO 17 
SALT, AND EXPOSE FOR SOME TIME TO THE OUTER FLAME OF THE 
BLOWPIPE. 

a. [HE SUBSTANCE DISSOLVES READILY AND RATHER 
COPIOUSLY TO A CLEAR BEAD (WHILST HOT). 

a. The hot bead is colored : 18 
Brug, by candlelight inclining to violet—coBALT ; 
GREEN, upon cooling blue; in the redueing fHame, after 

cooling, red—CoPPER ; 

GREEN, particularly fine on cooling, unaltered in the re- 
ducing fame—cHROMIUM; 

BrowNIsH-RED, on cooling light yellow or colorless ; in 
the reducing flame red whilst hot, yellow whilst cool- 
ing, then greenish—ıRroN ; 

REppısH to BROWNISH-RED, on cooling yellow to 
reddish-yellow or colorless; in the reducing flame 
unaltered—NICKEL; 

YELLOWISH-BROWN, on cooling light yellow or color- 
less; in the reducing flame almost colorless (especially 
after contact with tin), blackish-gray on cooling— 
BISMUTH. 

LiGHT YELLOWISH to oPAL, when cold rather dull ; in 
the reducing flame whitish-gray—sıLver: 

AMETHYST-RED, especially on cooling‘; colorless in the 
redueing flame, not quite clear—MANGANESE. 

ß. The hot bead is colorless : 19 
Ir REMAINS CLEAR ON COOLING: ANTIMONY, 

ATUMINA, ZINC, CADMIUM, LEAD, LIME, MAGNESIA; 
the latter five when added in somewhat large propor- 
tion to the mierocosmic salt, give enamel-white beads ; 
the bead of oxide of lead saturated is yellowish ; 

Ir BECOMES ENAMEL-WHITE ON COOLING, EVEN 
WHERE ONLY A SMALL PORTION OF THE POWDER 
HAS BEEN ADDED TO THE MICROCOSMIC SALT: 
BARYTA, STRONTIA. 

b. THE SUBSTANCE DISSOLVES SLOWLY AND ONLY IN SMALL 20) 
QUANTITY: 

a. The bead is colorless, and remains so even after cooline ; 
the undissolved portion looks semi-transparent ; upon addi- 
tion of a little sesquioxide of iron it acquires the characte- 
ristic color of an iron bead: sıLıcıc AcıD, 
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ß. The bead is colorless, and remains so after addition of & 
little sesquioxide of iron: TIN. 
c. THE SUBSTANCE DOES NOT DISSOLVE, BUT FLOATS (In 21 
THE METALLIC STATE) IN THF BEAD:: GOLD, PLATINUM. 


5. MINERALS ARE EXAMINED FOR FLUORINE AS DIRECTED 
8146, 8. 


After the termination of the preliminary examination, proceed to 
the solution of the substance, as directed $ 180 (32). 


& 177. 
II. Tur SuUBsSTAance IS A METAL OR AN ALLOY. 


4. Hran A SMALL BORTION OF TEE SUBSTANCE WITH 22 
WATER ACIDULATED WITH ACETIC ACID. If uyprocen is evolved 
this indicates a light metal (possibly also manganese). 

9%, HEAT A SAMPLE OF THE SUBSTANCE ON CHARCOAL IN 23 
THE REDUCING FLAME OF THE BLOWPIPE, and watch the re- 
actions; for instance, whether the substance fuses, whether an 
incrustation is formed, or an odor emitted, &Ke. 

By this operation the following metals may be detected with more 
or less certainty : ARSENIC by the smell of garlic; MERCURY by its 
volatility; ANTIMONY, ZINC, LEAD, BISMUTH, CADMIUM, TIN, 
SILVER, by fusing, with inerusfation of the charcoal (comp. 16); 
cOPPER by the green coloration ofthe outer Jame. Further conelu- 
sions may be formed when tlıe substance is a single metal nearly 
pure; thus, for instance GOLD fuses without incrustation; PLATI- 
NUM, IRON, MANGANESE, NICKEL, and COBALT, do not fuse in the 
blowpipe flame. 

3. HEAT A SAMPLE OF THE SUBSTANCE BEFORE THE BLow- 24 
PIPE IN A GLASS TUBE SEALED AT ONE END. 

a. No SUBLIMATE IS FORMED IN THE COLDER PART OF 
THE TUBE: absence of mercury. 

b. A SUBLIMATE IS FORMED: presence of MERCURY, CAD- 
MIUM, or ARSENIc. The sublimate of mercury, which consists 
ofsmall globules, cannot be confounded with that of cadmium or 
arsenic. 


After the termination of the preliminary examination, proceed to 
the solution of the substance as directed & 181 (42). 


& 178. 
B. THE SUBSTANCE UNDER EXAMINATION IS A FLUID. 


1. EvAPORATE A SMALL PORTION OF THE FLuID in a pla- 25 
tinum capsule, or in a small porcelain erucible, to ascertain whether 
it actually contains any matter in solution; if a residue remains, 
examine this as directed $ 176. 
9, TEST WITH LITMUS-PAPER (blue and red). 26 
a. THE FLUID REDDENS BLUE LITMUS-PAPER. This re- 
action may be caused by a free acid or an acid salt, as well as 
by a metallic salt soluble in water. To distinguish between 
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these two cases, pour a small quantity of the fluid into a watch- 
glass, and dip into it a small glass rod, after moistening the 
extreme point of the latter with dilute solution of carbonate of 
soda; ifthe fluid remains clear, or ifthe precipitate which may 
form at first, redissolves upon stirring the liquid, this proves 
the presence ofa free acid or of an acıd salt; but if the Auid 
becomes turbid and remains so, this generally denotes the 
presence of a soluble metallic salt. 

b. REDDENED LITMUS-PAPER TURNS BLUE : this indicates 27 
the presence of a free alkali or an alkaline carbonate, free 
Aline earths, alkaline sulphides, and of a number of other 

salts containing an alkali or, it may be, an alkaline earth, in 
combination with a weak acid. 

3. SMELL THE FLUID, or, should this fail to give satisfactory 28 
results, DISTIL, to ascertain whether the simple solvent present 
is water, alcohol, ether, &c. If you find it is not water, evaporate 
the solution to dryness, and treat the residue as directed 8 176. 

4. Ifthe solution is aqueous, and manifests an acid reaction, 29 
DILUTE A PORTION OF IT LARGELY WITH WATER. Should this 
impart a milky appearance to it, the presence of AnTımonY, 

Or BISMUTH (or possibly also of tin) may be inferred. Comp. $ 121, 
9, and $131, 4. 


After the termination of the preliminary examination, proceed 30 
to the actual examination. Ifthe solution is aqueous, with neutral 
reaction, it can only contain substances soluble in water ; but if it 
has an acid reaction, arising from the presence of free acid, the actual 
examination must be conducted with due regard to the possible pre- 
sence also of bodies soluble in acids, though insoluble in water, 
Proceed accordingly with neutral aqueous solutions as directed $ 182, 
with acid solutions as directed $ 185, if you are quite sure that there 
is only one acıd and one base present ; but where there is reason to 
suppose the presence of several bases and acids, proceed as directed 
$189. With Auids of alkaline reaction, proceed as direeted $ 182, 
unless there be reason to suppose the presence of more than one 
acid and one base, when the instructions given in $ 189 must be 
followed. 


II. SoLuTıon OF BoDIEs, OR ÜLASSIFICATION OF SUBSTANCES, AC- 
CORDING TO THEIR DEPORTMENT WITH ÜERTAIN SOLVENTS * 


$ 179, 


Water and acids (hydrochloric acid, nitrie acid, aqua regia) are 31 
the solvents used to elassify simple or compound substances, and 
to isolate the component parts of mixtures. We divide the 
various substances into three classes, according to their re- 
spective deportment with these solvents. 
First class. —NSUBSTANCES SOLUBLE IN WATER. 
Second class. — SUBSTANCES INSOLUBLE OR SPARINGLY 
SOLUBLE IN WATER, BUT SOLUBLE IN HYDROCHLORIC ACID, 
NITRIC ACID, OR AQUA REGIA. 


* Consult the remarks in the third section, 
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Third class. —SUBSTANCES INSOLUBLE ORSPARINGLY SOLU- 
BLE IN WATER AS WELL AS IN HYDROCHLORIC ACID, NITRIC 
ACID, AND AQUA REGIA. 

The solution of alloys being more appropriately effected in a 
different manner from that pursued with other bodies, I shall give 
a special method for these substances (see $ 181). 

The process of solution is conducted in the following manner. 


-A. THE SUBSTANCE UNDER EXAMINATION IS NEITHER A 
METAL NOR AN ALLOY. 


$ 180. 


1. Put about a gramme of the finely pulverized substance 32 
into a small Hask or a test-tube, add from ten to twelve times the 
en of distilled water, and heat to boiling over a spirit or gas- 

amp. 

’ u. THE SUBSTANCE DISSOLYES COMPLETELY. In that 33 
case it belongs to the first class; regard must be had to what 
has been stated in the preliminary examination (30) with 
respect to reaction. Treat the solution either as directed 
s 182, or $ 189, according as either one or several acids and 
bases are supposed to be present. 

b. AN INSOLUBLE RESIDUE REMAINS EVEN AFTER PRO- 34 
TRACTED BOILING. Let the residue subside, and filter the 
Auid off, if practicable in such a manner as to retain the re- 
sidue in the test-tube; evaporate a few drops of the clear 
filtrate on platinum foil; if nothing remains, the substance is 
completely insoluble in water ; in which case proceed as directed 
35. Butifaresidue remains, the substance is at least partly 
soluble; in which case boil again with water, filter, add the 
filtrate to the first solution, and treat the fluid, according to 
eircumstances, either as directed $ 182, or 3189. Wash the 
residue with water, and proceed as directed 35. 

2. Treat a small Da of the residue which has been boiled 35 
with water (34) with dilute hydrochlorie acid. If it does not 
dissolve, heat to boiling, and if this fails to effect complete solution, 
decant the fluid into another test-tube, boil the residue with con- 
centrated hydrochloric acid, and, if it dissolves, add the solution to the 
Auid in the other test-tube. 

The reactions which may manifest themselves in this operation, 

and wluich ought to be carefully observed, are, (a) Effervescence, 
which indicates the presence of carbonic acid or hydrosulphuric acid ; 
(8) Evolution of chlorine, which indicates the presence of peroxides, 
chromates, &e.; (y) Emission of the odor of hydrocyanic acid, 
which indicates the presence of insoluble eyanides. The analysis of 
the latter bodies being effected in a somewhat different manner, a 
special paragraph will be devoted to them (see $ 204). 

a. THE RESIDUE IS COMPLETELY DISSOLVED BY THE 36 
HYDROCHLORIG ACID (except perhaps that sulphur separates, 
which may be known by its color and light specific gravity, 
and may, after boiling some time longer, be removed by filtra- 
tion; or that gelatinous hydrate of silicie acid separates). 
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Proceed, according as there is reason to suppose the presence 
of one or of several bases and acids, either as directed & 185, 
or as directed $ 190 after filtration if necessary. The body 
belongs to the second class. To make quite sure ofthe actual 
nature of the sulphur or hydrated silieic acid filtered off, examine 
these residuary matters as directed $ 188, or $ 208. 

b. THERE IS STILL A RESIDUE LEFT. In that case put 37 
aside the test-tube containing the specimen which has been 
boiled with the hydrochlorie acid, and try to dissolve another, 
sample of the substance insoluble in water, or already extracted 
with water, by boiling with nitric acid, and subsequent addition 
of water. Evolution of nitrie oxide, or nitrous acid, by the 
action of the nitric acid, shows that a process of oxidation is 
taking place. 

a. The sample is completely dissolved, or leaves no other 38 
residue but sulphur or gelatinous silieic acid; in this case also 
the body belongs to the second class. Use this solution to 
test further for bases, as directed $ 185, or, as the case may 
be, $189, III. (109), and for the rest proceed as in 36. 

ß. There is still a residue left. Pass on to 40. 39 

3. Ifthe residue insoluble in water will not entirely dissolve 40 
in hydrochlorie acid nor in nitrie acid, try to effect complete solution 
of it by means of nitro-hydrochloric acid. To this end mix the 
contents of the tube treated with nitrice acid with the contents of the 
tube treated with concentrated hydrochloric acid; heat the mixture 
to boiling, and should this fail to effect complete solution, decant the 
clear fluid off from the undissolved residue, boil the latter for some 
time with concentrated nitro-hydrochloric acid, and add the decanted 
solution in dilute aqua regia as well as the solution in dilute hydro- 
chlorie acid, decanted in 35. Heat the entire mixture once more to 
boiling, and observe whether complete solution has now been effected, 
or whether the action of the concentrated nitro-hydrochlorie acid 
has still left a residue. In the Zatter case filter the solution—if 
necessary after addition of some water*—wash the residue with 
boiling water, and proceed with the filtrate, and the washings added 
to it, as directed $ 185, or $ 190. Im the ‚former case proceed with 
the clear solution in the same way.t 

4. If boiling nitro-hydrochloric acid has left an undissolved 41 
residue, wash it thoroughly with water, and then proceed as directed 
$ 188, or as directed $ 203, according as there is reason to suppose 
the presence of only one or several bases and acids. 


* If the fluid turns turbid upon addition of water, this indicates the presence of 
bismuth or antimony ; the turbidity will disappear again upon addition of hydrochlorie 
acid. 

r Where theacid solution on cooling deposits acicular crystals, the latter generally 
consist of chloride of lead; it is in that case often advisable to decant the fluid off the 
erystals, and to examine the fluid and crystals separately. Where on boiling with 
aqua regia metastannic chloride has been formed from binoxide of tin, the washing 
water, dissolving this, becomes turbid on dropping into the strongly acid fluid wlıich 
has run off first. In that case receive the washing water in a separate vessel, and 
treat the two solutions separately with hydrosulphuric acid as directed in $ 190, but 
filter afterwards through the same filter. 
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B. Tue SuBsTtancE UNDER ExAamınATIoN IS A METAL OR 
AN ALLOY. 


8 181. 


The metals are best classed according to their behaviour with 42 
nitrie acid, as follows: 

I. METALS WHICH ARE NOT ATTACKED BY NITRIC AcıD: gold, 
platinum. 

II. METALS WHICH ARE OXIDIZED BY NITRIO ACID, BUT 
WHOSE OXIDES DO NOT DISSOLVE IN AN EXCESS OF THE ACID OR 
IN WATER: antimony, tin. 

III. METALS WHICH ARE OXIDIZED BY NITRIC ACID AND CON- 
VERTED INTO NITRATES WHICH DISSOLYE IN AN EXCESS OF THE 
ACID OR IN WATER: all the other metals. 


Pour nitrie acid of 1'20 sp. gr. over a small portion of the sub- 
stance, and apply heat. 

1. COMPLETE SOLUTION TAKES PLACE, EITHER AT ONCE OR 43 
UPON ADDITION OF WATER; this proves the absence of platinum,* 

old, antimony,t and tin. Proceed either as directed $ 182, or 

$ 189, III. (109), according as there is reason to suppose the pre- 
sence of only one or of several metals. 

2. A RESIDUE IS LEFT. 

a. A metallie residue. Filter, and treat the filtrate as directed 44 
s 189, III. (109), after having seen, in the first place, whether 
anything has really been dissolved. Wash the residue 
thoroughly, dissolve in nitro-hydrochlorie acid, and test the 
solution for GOLD and PLATINUM, according to $ 128. 

b. A mwhite pulverulent residue ; indicates ANTIMONY and TIN. 45 
Filter, ascertain whether anything has been dissolved, then 
treat the filtrate as directed $ 189, III. (109). Wash the re- 
sidue thoroughly, then test for TEROXIDE OF ANTIMONY, 
BINOXIDE OF TIN, and ARSENIC ACID, according to $ 134, 5. 
(Part, at least, of the arsenic acid is always found in this pre- 
rg combined with teroxide of antimony and binoxide of 
tin. 


* Alloys of silver and platinum, with the latter metal present in small proportion 
only, dissolve in nitrie acid. 

+ Very minute traces of antimony, however, are often completely dissolved by 
nitric acid, 
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III. Acruaın ExAMmInNATIonN. 
Simple Compounds.* 
A SUBSTANCES SOLUBLE IN WATER. 
Deteetion of the Base.t 


$ 182. 


1, Add some hydrochlorie acid to a portion of the aqueous 46 
solution. 

a. NO PRECIPITATE IS FORMED; indieates the absence of 
silver and suboxide of mercury, and likewise the absence of 
considerable quantities of lead. Pass on to 50. 

b. A PRECIPITATE IS FORMED. Divide the fluid in which 47 
te precipitate is suspended into two portions, and add ammonia 
in excess to the one. 

a. The preeipitate redissolves, and the fluid becomes elear : this 
shows the precipitate to have consisted of chloride of silver, 
and is consequently indicative of the presence of SILVER. 
To arrive at a positive conviction on this point, the original 
solution must be tested with chromate of potassa, and with 
hydrosulphuric acid (see $ 115, 4, and $ 138,7). 

ß. The preeipitate turns black: this shows the precipitate 48 
to have consisted of subchloride of mereury, which has now 
been converted by the ammonia into the black compound; it 
is consequently indicative of the presence of SUBOXIDE OF 
MERCURY. To set all doubt at rest, test the original solution 
with protochloride of tin, and with metallie copper (see $ 116). 

y. The precipitate remains unaltered ; it consists of chloride 49 
of lead, which is not dissolved by ammonia ; this reaction is 
accordingly indicative of the presence of LEAD. Whether 
the precipitate consists really of chloride of lead or not is 
conclusively ascertained:: 1st, by diluting the second portion 
of the fluid in which the preeipitate produced by hydrochlorie 
acid is suspended, with a large amount of water, and apply- 
ing heat; the precipitate must dissolve if it consists of 
chloride of lead; and 2nd, by testing: portions of the original 
solution with hydrosulphuric acid and sulphuric acid ($ 117, 

4, and 8). 


2. Add to the fluid acidified with hydrochlorie acid solution of 50 
hydrosulphurie acid until it smells distinetly of that gas after shak- 
ing, heat the mixture, add some more solution of hydrosulphuric 
acid, and let it stand a short time.t 


* This term is used to designate compounds supposed to contain only one base and 
one acid, or one metal and one non-metallic element. The principal object of this 
chapter is to facilitate instruction in analysis, as it is advantageous that the examina- 
tion of complex compounds should be preceded by the analysis of simple compounds. 
In actual practical analyses, use can be made of this chapter only exceptionally, as 
there exists no outward sign by which to judge whether a substance contains only one 
base or acid, or several, 

t Arsenious and arsenic acids, and silicic acid, are included here. 

+ Ifa precipitate forms immediately upon addition of solution of hydrosulphuric 
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a. THE FLUID REMAINS CLEAR. Pass on to 56, since this 
is a proof that lead, bismuth, copper, cadmium, oxide of mercury, 
gold, platinum, tin, antimony, arsenic, and sesquioxide ofiron are 
not present. 

b. A PRECIPITATE IS FORMED. 

a. THE PRECIPITATE IS WHITE; it consists of separated 51 
sulphur, and indicates a substance which deeomposes hydrosul- 
phuric acid.* Ofthe metallic oxides which possess this property 
SESQUIOXIDE OF IRON is the most common ($ 111, 3). Test 
for this with ammonia and ferrocyanide of potassium in the 
original solution ($ 111, 5 and 6). If it is not found, pass on 
to 96. 

ß. THE PRECIPITATE IS YELLOW; it may consist of 523 
sulphide of cadmium, sulphide of arsenic, or bisulphide of tin; 
itindieates accordingly cadmium, arsenic, or binoxide of tin. To 
distinguish between them, mix a portion of the fluid wherein 
the a nh is suspended with ammonia in excess, add some 
sulphide of ammonium, and warm, 

aa. The precipitate does not dissolve : it consists of CADMIUM; 
for sulphide of cadmium is insoluble in ammonia and sulphide 
of ammonium. Confirm by testing the original substance, 
or the precipitate thrown down from the original solution 
by carbonate of ammonia, with the blowpipe ($ 122, 9). 

bb. The preeipitate dissolves : BINOXIDE OF TIN OT ARSENIC: 
add ammonia to a small portion of the original solution. 

aa. A white precipitate is formed. BINOXIDE OF TIN iS 
the substance present. Confirm by reducing the pre- 
eipitate before the blowpipe, with cyanide of potassium 
and carbonate of soda ($ 130, 8). 

BB. No precipitate is formed. This indicates ARSENIC. 
Confirm by the production of an arsenical mirror from the 
original substance or the precipitated sulphide of arsenic, 
either with eyanide of potassium and carbonate of soda, or 
in some other way; and moreover by exposing the 
original substance with carbonate of soda to the inner flame 
of the blowpipe (8132, 12 and 13). If the solution con- 
tained arsenious acid, the yellow precipitate formed 
immediately upon the addition of the hydrosulphurie acid ; 
if arsenie acid, it formed only upon the application of heat, 
orafter long: standing. For further information respecting 
the means of distinguishing between the two acids see 
$ 134, 9. 

‚ Tue PRECIPITATE IS ORANGE-COLORED, it consists 53 
of tersulphide of antimony, and indicates TEROXIDE OF 
ANTIMoNY. For confirmation the original solution is tested 
with zine in a platinum capsule ($ 131, 8). 

3. THE PRECIPITATE IS DARK-BROWN. It consists of 54 
protosulphide of tin, and indicates PROTOXIDE OF TIN. To 


acid, it is unnecessary to apply heat, &e. ; but if the fluid remains clear, or is ren- 
dered only slightly turbid, the above course of proceeding must be strietly followed, to 
guard against the risk of overlooking arsenic acid and binoxide of tin, 
* Ifthe colour of the solution from being reddish yellow changes to green, chromie 
cid is indicated.. 


238 SIMPLE COMPOUNDS—DETECTION OF BASE. [$ 182. 


confirm, test a portion of the original solution with chloride of 
mercury ($ 129, 8). 
e. THE PRECIPITATE IS BROWNISH-BLACK OR BLACK. It 55 

may consist of sulphide of lead, sulphide of copper, tersulphide 

of bismuth, tersulphide of gold, bisulphide of platinum, or sul- 
phide of mereury. To distinguish between these different 
sulphides, the following experiments with the original solution 
are resorted to, 

aa. Add dilute sulphuric acid to a portion; a white preci- 
pitate indicates LEAD. To confirm, test with chromate of 
potassa ($ 117, 9). 

bb. Add solution of soda to a portion ; a yellow precipitate 
indicates OXIDE OF MERCURY. Confirm with protochloride 
of tin and copper ($ 119). 

The presence of oxide of mercury is usually sufhiciently 
indicated by the several changes of color through which the 
precipitate produced by the solution of hydrosulphuric acid 
in the fluid under examination is observed to pass; this preci- 
pitate is white at first, but changes upon the addition of more 
of the precipitant to yellow, then to orange, and finally to 
black ($ 119, 3). With very acid solutions the reaction with 
potassa or soda is not effective ($ 119, 4). 

cc. Add ammonia in excess to a portion ; if a bluish precipi- 
tate isformed which redissolves in an excess of the preeipitant 
to an azure color, or even if the ammonia simply colors the 
solution azure-blue, this indicates corper. To confirm, 
test with ferrocyanide of potassium ($ 120, 9). 

dd. If the precipitate pe by ammonia was white, and 
excess of ammonia has failed to redissolve it, filter the fluid 
off, wash the precipitate, dissolve a portion of it on a watch- 
ie in 1 or 2 drops of hydrochloric acid, with addition of 

drops of water, and then add more water. Ifthe solu- 
tion turns milky, this is caused by basic terchloride of 
bismuth : the reaction consequently indicates BISMUTH. 
Confirm by testing the remaining portion of the ammonia 

recipitate with a ‚solution of protochloride of tin in soda 
($ 121, 10). 

ee. Add solution of sulphate of protoxide of iron to a por- 
tion. A fine black preeipitate indicates GoLn. To 
expose the precipitate to the fame of the blowpipe, or test 
the original solution with protochloride of tin ($ 126). 

‚ff. Add chloride of potassium and alcohol to a portion; a 
yellow crystalline precipitate indicates PLATINUM. To 
confirm, heat the precipitate to redness ($ 127). 


3. Mix a small portion of the original solution with chloride of 56 
ammonium,* add ammonia to alkaline reaction, and then no matter 
whether the latter reagent has produced a precipitate or not, a little 
sulphide of ammonium, and warm, if a precipitate fails to separate 
in the cold. 


* The chloride of ammonium is used for the purpose of preventing the precipita- 
tion by ammonia of any magnesia which might be present. 
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a. No PRECIPITATE IS FORMED; pass on to 62; for iron, 
cobalt, nickel, manganese, zinc, chromium, alumina, and. silicie 
acid, are not present.* 

b. A PRECIPITATE IS FORMED. 

a. The precipitate is black ; protoxide of iron,t nickel, or 57 


cobalt. Mix a portion of the original solution with some 
potassa or soda. 
aa. A dirty greenish-white preeipitate is tormed, which 
soon changes to a reddish-brown upon exposure to the air; 
PROTOXIDE OF IRON. Confirm with ferrieyanide of potas- 
sium ($ 110). 
bb. A precipitate of alight greenish tint is produced, which 
does not change color : NICKEL, Confirm with ammonia, 
and addition of potassa or soda ($ 108). 
ee. A sky-blue preeipitate is formed, which turns to a light- 
red upon Loiling, or is discolored and acquires a dark tint: 
coBaLt. Confirm by the blowpipe ($ 109). 
ß. The preeipitate is not black. 58 
aa, If the preeipitate is distinctly flesh-eolored it con- 
sists of sulphide of manganese, and is consequently indicative 
of PROTOXIDE OF MANGANESE. To confirm, add soda to 
the original solution, or test before the blowpipe ($ 107). 
bb. Ifthe preeipitate is bluish-green, it consists of hydrated 
sesquioxide of chromium, and is consequently indicative of 
SESQUIOXIDE OF CHROMIUM. To confirm, test the original 
solution with soda, before the blowpipe ($ 102). 
ce. If the precipitate is white, and does not dissolve on 59 
warming with more sulphide ofammonium,f it may consist of 
hydrate of alumina, hydrate of silieie acid, or sulphide of zinc, 
and may accordingly point to alumina, oxide of zine or sili- 
cic acid ; the latter, in that case, is generally contained in the 
original solution as an alkaline silicate. To distinguish be- 
tween these three bodies, add soda cautiously to a portion of 
the original solution, and wait to see whether this produces a 
precipitate; then add more soda until the precipitate formed 
is re-dissolved, 
aa. If solution ofsoda fails to produce a precipitate, 60 
there is reason to test for sıLıcrc acıp. For that purpose 
evaporate a portion of the original solution with excess of 
hydrochloric acid to dryness, and treat the residue with 
hydrochlorie acid and water ($ 150, 2), when the silicie acid 
willbe left undissolved. Determine the nature of the alkali 
which has been dissolved as directed 65. 
88. If soda produces a precipitate, which re-dissolves in 


* With regard to alumina and many of these metals, the above conclusion does 
not hold good in the presence of organic matter, especially of non-volatile organic 
acids. In this case and if the preliminary examination pointed to one of the metals 
of the third or fourth group, fuse & portion of the original substance with carbonate 
and nitrate of soda, soak the fusion in water, add hydrochlorie acid, heat, filter, and 
test the solution so obtained according to 56. 

+ Sesquioxide of iron would have been found already in 51. 

+ A white precipitate produced by sulphide of ammonium and soluble in excess 
on warming would consist of sulphur. And sulphur might be separated here by such 
a body as a ferricyanide. 
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excess, add to a portion of this alkaline fluid a Zittle sulphu- 
retted hydrogen water (i. e., so that a considerable excess 
of the soda may remain unchanged). A white precipitate 
indicates zınc. Confirm by cobalt solution before the 
blowpipe (8 106). If sulphuretted hydrogen produces no 
precipitate, add chloride of ammonium to the rest of the 
alkaline fluid and heat. A white preeipitate insoluble in 
excess of chloride of aımmonium indicates ALUMINA. 
Confirm by cobalt solution before the blowpipe ($ 101). 


Note to 58 and 59, 


As very slight contaminations may impair the distinctness of the 
tints exhibited by the precipitates considered in 58 and 59, it is advi- 
sable, in all cases where the least impurity is suspected, to adopt the 
following method for the detection of manganese, chromium, zine, 
alumina, and silieic acid. 

Add solution of soda to a portion of the original solution, first 
in small quantity, then in excess. 

aa. No preeipitate is formed: SILICIC ACID may be assumed 61 
to be present; proceed as directed 60. 

bb. A whitish precipitate is formed, which does not redissolve 
in an excess of the precipitant, and speedily turns blackish- 
brown upon exposure to the air: MANGANESE. Confirm by 
the blowpipe ($ 107). 

cc. A precipitate is formed, which redissolves in an excess of 
the precipitant: SESQUIOXIDE OF CHROMIUM, ALUMINA, 
OXIDE OF ZINC. 

aa. To a portion of the alkaline solution add a little hy- 
drosulphuric acid water (i. e., so that aconsiderable excess 
of the soda may remain unchanged). A white preeipitate 
indicates ZINc. 

83. If the original solution is green or violet, or the 
alkaline solution is green, and if the precipitate produced 
by soda and redissolved by excess was of a bluish color, 
SESQUIOXIDE OF CHROMIUM is present. To confirm, heat 
the alkaline solution to boiling or try the reaction before 
the blowpipe ($ 102). 

yy. Add chloride of ammonium to the alkaline solution 
and heat. A white precipitate insoluble in excess of chlo- 
ride of ammonium indicates ALUMINA. Confirm by cobalt 
solution before the blowpipe ($ 101). 


4. Add to a portion of the original solution chloride of ammo- 69 
nium and carbonate of ammonia, mixed with some ammonia, and 
heat gently. 

a. NO PRECIPITATE IS FORMED:: absence of baryta, stron- 
tia, and lime. Pass on to 64. 

b. A PRECIPITATE IS FORMED: presence of baryta, stron- 63 
tia, or lime. Filter off the precipitate, wash it, dissolve it in 
dilute hydrochloric acid, evaporate the solution to dryness, warm 
the residue with water, filter and add to a portion of this solu- 
tion a large quantity of solution of sulphate of lime. 

a. The solution does not become turbid, even after the lapse of 
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‚five or ten minutes: LIME. Confirm with oxalate of ammo- 
nia ($ 97) 

ß. The solution becomes turbid, but only after the lapse of some 
time: STRONTIA. Confirm by the flame-coloration ($ 96, 
7 or 8). 

Yy ’ preeipitate is immediately formed: BARYTA. ÜConfirm 
with hydrofluosilicie acid ($ 95). 


5. Mix that portion of the solution in which carbonate of am- 64 
monia has, after previous addition of chloride of ammonium, failed 
to produce a precipitate (62), with phosphate of soda, add more 
ammonia, and rub the sides of the vessel with a glass rod gently. 
a. NO PRECIPITATE IS FORMED: absence of magnesia. 
Pass on to 65. 
b. A CRYSTALLINE PRECIPITATE IS FORMED: MAGNESIA. 


6. Evaporate a drop of the original solution on perfectly clean 65 
platinum-foil as slowly as possible, and gently ignite the residue. 

a. THERE IS NO FIXED RESIDUE LEFT. Test for AMMONIA, 
by adding to the original solution hydrate of lime, and observ- 
ing the odor and reaction of the escaping gas, and the fumes 
which it forms with acetic acid ($ 91). 

b. THERE IS A FIXED RESIDUE LEFT: potassa or soda. 66 
Add bichloride of platinum to a portion of the original solution 
(having first evaporated it to a very small bulk if dilute), and 
shake the mixture or rub with a glass rod. 

a. No precipitate is formed, not even after ten or fifteen minutes : 
soDA. Confirm with the flame coloration or with antimonate 

of potassa ($ 90). 

B. A yellom erystalline preeipitate is formed : POTASSA. Con- 

firm with tartaric acid or the flame coloration ($ 89). 


Simple Compounds. 


A. SUBSTANCES SOLUBLE IN WATER. DETECTION OF THE 
Acıv. 


I. Detection of Inorganie Acids. 


& 183. 


Reflect in the first place which of the inorganic acids form solu- 
ble compounds with the detected base (compare Appendix IV.) and 
bear this in mind in your subsequent operations, giving due regard 
also to the results of the preliminary examination. 

1. ARSENIOUS ACID and ARSENIC AcID have already been 67 
found in the detection of the base. They are distinguished frum 
each other by their reaction with nitrate of silver, or with potassa 
and sulphate of copper (see $ 134, 9). 

2. The presence of CARBONIC Acıp in combination with bases, 68 
SULPHUR in combination with metals, and cHRoMIC AcıD, has been 
also indicated already in the detection of the base. The two former 
betray their presence by eftervescing nr the addition of hydro- 
chlorie acid; the escaping gases may be distinguished from one 
another by the smell. The presence of carbonie acid may be con- 

E R 
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firmed by lime water (see $ 149), and that of hydrosulphurie acid 
by acetate of lead ($ 156). Free carbonic acid and free hydrosul- 
phuric acid in aqueoussolution may be detected by the same reagents. 
The presence of chromic acid is invariably indieated by the yellow 
or red tint ofthe solution, as well as by the transition ofthe red 
or Fig colour to green, and the separation of sulphur, upon the 
addition of hydrosulphurie acid water. Confirm with acetate of 
lead and nitrate of silver ($ 138). 


3. Acidify a portion of the solution with hydrochlorie acid, or. 69 


—if oxide of silver or suboxide of mercury has been found—with 
nitric acid, and add chloride of barium or nitrate of baryta as the case 
may be. Should a gelatinous preeipitate of silicie acid form on ad- 
dition of hydrochlorie acid, repeat the experiment after having 
diluted the fluid considerably. In this case it is also best to add 
the acid all at once and not gradually, compare $ 150, 2. 

a. THE FLUID REMAINS CLEAR. Absence of sulphurie 
acid. Pass on to 70, 

b. A PRECIPITATE IS PRODUCED, IN FORM OF A FINE 
WHITE POWDER: SULPHURIC Acıp. The preeipitate must 
remain undissolved even after further addition of dilute hydro- 
chloric or nitrie acid. 


4. Add solution of sulphate of lime to another portion of the 70 


solution (which, ifit has an acid reaction, must first be neutralized, 
or made slightly alkaline, by ammonia, and if necessary, filtered). 
a. NO PRECIPITATE IS FORMED: absence of phosphoric 
acid, silicic acid, oxalic acid, and fluorine. Pass on to 73. 


b. A PRECIPITATE IS FORMED. Addaceticacid in excess. 71 


a. The preeipitate redissolves readily: PHOSPHORIC ACID 
or sıLIcIC AcıDp. Evaporate a portion of the original solu- 
tion, after acidifying with hydrochloric acid, to dryness, and 
treat the residue with some hydrochlorie acid and water. If 
an insoluble residue is left, it consists of sıLıcıc Acıp. Ifno 
residue remains, mix a sample of the original solution with 


chloride of ammonium, sulphate of magnesia, and ammonia. _ 


A crystalline preeipitate shows the presence of PHOSPHORIC 
ACID ($ 142). 


ß. The precipitate remains undissolved or dissolves with 72 


difheulty: OXALIC ACID or FLUORINE. Öxalate of lime is 
pulverulent, fuoride of caleium flocculent and gelatinous. 
If oxalic acid is suspeeted, confirm by treating the original 
substance with binoxide of manganese and sulphuric acid 
($ 145). If fiuorine is suspected, confirm by applying the 
etching test to the original substance ($ 146). 


5. Acidify a fresh portion of the solution with nitric acid, and 73 


add solution of nitrate of silver. 
a. TuE FLUID REMAINS CLEAR. This is a proof of the 


absence of ehlorine, bromine, iodine, ferrocyanogen, and ferri- 
eyanogen; the absence of eyanogen (in simple cyanides) is also 
probable. (Of the soluble eyanides, cyanide of mercury is not 
preeipitated by nitrate of silver; if, therefore, in detection of 
the base mercury has been found, eyanide of mercury may be 
resent. For the manner of detecting the cyanogen in the 
atter see $ 155, 11.) Pass on to 76. 


Kr 
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b. A PRECIPITATE IS FORMED. 

a The preeipitate is orange : FERRICYANOGEN. Confirm 
with sulphate of iron ($ 155, Appendix). 

ß. The preeipitate is white or yellowish-white. Treat the 
precipitate with ammonia in excess—immediately, if the base 
was an alkali or an alkaline earth—after filtering and 
washing, if the base was an earth or the oxide of a heavy 
metal. 

aa. The precipitate is not dissolved : IODINE Or FERRO- 
CYANoGEN. In the former case the precipitate is pale 
yellow, in the latter white and gelatinous. Confirm for 
iodine with starch and hyponitrie acid ($ 154), for 
ferroeyanogen with sesquichloride of iron ($ 155, Ap- 
pendix). 

88. The precipitate is dissolved: CHLORINE, BROMINE, 
or CYANOGEN. If the original substance smells of hydro- 
eyanic acid, and the silver preeipitate dissolves with some 
diffieulty in ammonia, cYAnoGEN is indicated. Confirm 
by adding to the original solution sulphate of iron, soda, 
and then hydrochloric acid (8 155). Ifaddition of chlorine- 
water imparts a yellow tint to the original solution, BRO- 
MINE is indicated ; if the bromine is present only in small 
proportion, chloroform or bisulphide of carbon must be used 
in conjunction with the chlorine-water ($ 153). In the 
proved absence of both bromine and cyanogen the precipi- 
tate shows the presence of CHLORINE. 

6. Add to a small portion of the aqueous solution hydrochlorie 
acid, drop by drop, until a distinct acid reaction is just imparted 
to the Auid, then dip in a slip of turmeric-paper, take it out and 
dry it at 100°. Ifthe dipped portion looks brownish-red, BORACIC 
AGD is present. Confirm by adding sulphuric acidand alcohol, and 
setting fire to the latter ($ 144). 

7. With regard to NITRIC ACID and CHLORIC ACID, these are 
usually discovered in the preliminary examination (6). Confirm for 
the former with sulphate of iron and sulphurie acid ($ 159) ; for the 
latter by treating the solid salt with concentrated sulphuric acid, 
(3 160). 


Simple Compounds. 
A. SuUBSTANGES SOLUBLE IN WATER. DETECTION OF THE Acı». 


II. Detection of Organie Acids. 


s 184. 


Consider, in the first place, which of the organie acids form solu- 
ble compounds with the detected base (compare Appendix IV.), and 
bear this in mind in your subsequent operations, giving due regard 
also to the results of the preliminary examination. 

The following course presupposes the organic acid to be present 
in the free state, or in combination with an alkali or an alkaline 
earth. Ifthe detected base belongs to another group, therefore, it 
must first be removed. Where the base belongs to group V. or group 
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VI. theremoval is effected by hydrosulphuriec acid, where it belongs 
to group IV. by sulphide of ammonium. After filtering off the 
sulphides, and removing the excess of sulphide ofammonium by acidi- 
fying with hydrochloric acid, heating, and filtering off the sulphur, 
proceed to 78. Where the base is alumina or sesquioxide of chro- 
mium, try first to precipitate these substances by boiling with car- 
bonate ofsoda ; should this fail,asit willwhere the acid is non-volatile, 
precipitate the latter in a fresh portion of the solution with neutral 
acetate of lead, wash the preeipitate, diffuse it through water, pass 
hydrosulphuriec acid, filter off the sulphide of lead and treat the fil- 
trate as el below. Alumina may also be precipitated from its 
compounds with non-volatile organic acids by solution of soluble 
glass, as silicate of alumina. To separate acetic or formic acid from 
bases which lie in the way of their detection, you may also distil the 
salt with dilute sulphuric acid. 

1. Add ammonia to a portion of the aqueous solution to slieht 78 
alkaline reaction, then chloride of caleium in suffieient quantity. If 
the solution was neutral, or only slightly acid, add chloride of am- 
monium before adding the chloride of ee 

a. NO PRECIPITATE IS FORMED, EVEN AFTER SHAKING 
THE FLUID AND AFTER THE LAPSE OF A FEW MINUTES: 
absence of oxalic acid and tartaric acid. Pass on to 80. 

b. A PRECIPITATE 18 FORMED. 79 

a. The precipitate takes some time to form and is erystalline: 

TARTARIC ACID. Üonfirm by testing the behaviour of the 

washed precipitate with soda or with ammonia and nitrate 

of silver, or by testing the aqueous solution with acetate of 

potassa and acetic acid ($ 163). 

P. The precipitate forms immediately and is. finely pulverulent : 

OXALIC AcıD. Confirm by acidifying a fresh portion of the 

aqueous solution with acetic acid and adding solution of sul- 

phate of lime ($ 145). 

2. Heatthe fluid of 1, a, to boiling, keep at that temperature for 80 
some time, and add some more ammonia to the boiling Huid. 

a. IT REMAINS CLEAR: absence of citric acid. Pass on to 
8l. 

b. IT BECOMES TURBID, AND DEPOSITS A PRECIPITATE: 
CITRIC AcıD.* Confirm by preparing the lead salt, washing it, 
and testing its deportment with ammonia, in which it readily 
dissolves; or preferably by preparing: the characteristie baryta 
saltand examining it with the microscope ($ 164). 

8. Mix the fluid of 2, a, with 2 volumes of alcohol. 8 

a. IT REMAINS CLEAR even after long standing: absence of 
malic and succinic acids. Pass on to 89, 

b. A PRECIPITATE is formed: MALIC Or SUCCINIG ACID. 
Heat a portion of the original solid substance with nitrie acid, 
evaporate to dryness altogether, boil the residue with solu- 
tion of carbonate of soda, filter if necessary, neutralize exactly 
with hydrochloric acid and test one portion of this solution with 


* Ifthe ammonia contains carbonie acid, a precipitate of carbonate of lime may 
form here. Such a precipitate may be readily distinguished from eitrate of lime by 
hydrochlorie acid. Ho: 
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sulphate of lime; another portion with sesquichloride of iron. 
A preeipitation (of oxalate of lime) by the former indicates malic 
acid ;* a preeipitation by the latter indicates succinic acid. For 
further confirmation prepare the lead salt of the acid and exa- 
mine its properties, compare $165, 5 and $ 168, 5. 

4. Neutralize a portion of the original solution completely (if not 
already absolutely neutral) with ammonia or hydrochlorie acid, and 
add Scan iestie of iron. 

a. A REDDISH YELLOW BULKY PRECIPITATE FORMS: 
BENZOIC Acıp. Confirm by treating the original dry sub- 
stance with hydrochlorie acid (3 169, 2). 

b. THE LIQUID ACQUIRES A RATHER INTENSE DEEP RED 
TINT, AND, UPON BOILING, A LIGHT REDDISH-BROWN PRE- 
CIPITATE SEPARATES : acetic acid or formie acid. If the 
original substance is a solid, warm a portion with sulphuric 
acid and alcohol ($ 171). If the original substance is a fluid, 
having neutralized a portion with soda in case it is acid, 
evaporate it to dryness, and test the residue. The odor of 
acetic ether indicates ACETIC ACID. 

If you do not detect acetie acid, you may conclude that the 
substance contains FORMIC ACID : confirm with nitrate of silver 
and chloride of mercury ($ 172). 


Simple Compounds. 


82 


83 


B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER, 


BUT SOLUBLE IN HYprocHLorRIc Acıp, Nırrıc Acıp, 
NITRO-HYDROCHLORIC AcıD. 


Detection of the Base.f 
& 185. 


OR 


Dilute a portion of the solution in hydrochlorie aeid, nitric acid, 84 


or nitro-hydrochlorie acid with water,} and proceed to examine for 
bases of the second, ‚fifth, and sieth groups according to& 182, begin- 
ning at 46 ifthe solvent was nitrie acid, at 50 if the solvent con- 
tained hydrochlorie acid. 1t is to be noted here that hydrochloric 
acid when used as a solvent does not usually alter the state of oxi- 
dation of the base present, while nitric ai and nitro-hydrochlorie 
acid generally have the effect of more or less oxidizing the base 
where this is possible. Hence when oxide of mercury, Dinoxide of 
tin, or sesquioxide of iron is found, and nitrie or nitro-hydrochlorie 
acid has been used for dissolving, you must examine the original 
substance specially to see in what state the metal is actually present, 
if this is not at once evident from the solubility. In the case of 
mercury salts for instance, treatment with soda would deeide wlıich 


* Compare end of$ 165, 1. 


++ Regard is also had here to certain salts of the alkaline earths, as this course of 


examination leads directly to their detection. 


+ If upon the addition of water the liquid becomes white and turbid or deposits a 
white precipitate, this indicates antimony or bismuth (possibly also tin). Compare 
$ 121, 9, and $ 131,4. Heat with bydrochloric acid until the fluid has become clear 


again, then pass to 0. 
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of the oxides were present, for this reagent separates yellow oxide 
from the salts of the oxide, and black suboxide from the salts of the 


suboxide. 


In testing for bases of the third and ‚ourth groups, with sulphide 
of ammonium, according to 56, the usual course is departed from. 


We harve 


seen (59), that ifin cases where we have A SUBSTANCE 


SOLUBLE IN WATER we obtain a white precipitate upon adding 
chloride of ammonium, ammonia, and sulphide of ammonium, this 
precipitate can consist only of SULPHIDE OF ZINC, ALUMINA, 
HYDRATE OF SILICIC ACID, OT SULPHUR. But the case is diffe- 
rent if the body is INSOLUBLE IN WATER, but dissolves in hydro- 
chlorie acid; for in that case a white precipitate produced by 


ammonia 


‚ In presence of chloride of ammonium, may consist also of 


PHOSPHATES, BORATES, OXALATES, SILICATES OF THE ALKALINE 


EARTHS, 


OT FLUORIDES OF THEIR METALS, since all these 


bodies are insoluble in water, but dissolve in hydrochlorie acid, and 
(being only sparingly soluble in chloride of ammonıum) separate 
again upon neutralization of that acid. In the presence of organic 
substances, this precipitate may also proceed from compounds 
Of TARTARIC ACID and CITRIC AcıD with several ALKALINE 


EARTHS, 


If, therefore, a white precipitate is produced upon testing an acid 


solution, 


under the circumstances stated, and in pursuing the course 


laid down in $ 182 (56), proceed as follows :—— 


1. A 
reason to 


the results of the preliminary examination have given you 85 
suspect sıLicIc AcID (20), evaporate a portion of the 


hydrochlorie acid solution to dryness, moisten the residue with 
hydrochloric acid and add water. If silicie acid is present, it will 
remain undissolved. Determine the base in the solution as directed 
v6 or 62, as the case may be. 

2. Add to a portion of the original hydrochlorie acid solution 86 
some tartaric acid, and after this ammonia in excess. 


d. 


NO PERMANENT PRECIPITATE IS FORMED: absence of 


the above enumerated salts of the alkaline earths. Mix another 
portion of the original solution with soda in excess, and add to 


the 


one half of the clear fluid chloride of ammonium, to the 


other half a small quantity of solution of hydrosulphurie acid. 


The 


formation of a precipitate in the former (insoluble in excess 


of the reagent) indicates ALUMINA; in the latter, zınc. 


b. 


A PERMANENT PRECIPITATE IS FORMED: presence of a 


salt of an alkaline earth. 


a. Bring a sample of the original substance, on a watch- 87 


glass, in contact with a few drops of water, and some con- 
centrated sulphuric acid, and then add some binoxide of 
manganese free from carbonates. Ifevolution of carbonic acid 
takes place instantly, the salt is an oxALATE. To find the 
base, ienite a fresh sample, dissolve the residue in dilute 
hydrochlorie acid, and examine the solution as directed 62. 


ß. Add to a portıon of the hydrochloric acid solution am- 88 


monia until a precipitate forms ; then acetic acid until this is 
redissolved; lastly, acetate of soda, and a drop of sesqui- 
chloride of iron : the formation of a white floceulent precipi- 
tate indicates PHOSPHORIC ACID. Add now some more 
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sesquichloride of iron until the fluid has acquired a distinet 
red color, boil, filter boiling, and (after having removed, by 
ammonia, the iron which may have been dissolved) test the 
filtrate, now free from phosphoric acid, for the alkaline earth 
with which the phosphorie acid was combined, as directed 62. 

y. BoRACIC ACID is detected in the weak hydrochlorie acid 89 
sclution by turmeric-paper ($ 144), and the base combined 
with it, by boiling a portion of the original substance with 
water and carbonate of soda, filtering, washing, dissolving the 
carbonate formed in the least possible amount of dilute hy- 
drochloric acid, evaporating the solution to dryness, treating 
the residue with water, filtering if required, and testing aC- 
cording to 62. 

3. Test for FLUORINE, by heating a portion of the ori- 
ginal substance, or ofthe preeipitate produced in the hydro- 
chloric acid solution by ammonia, witl sulphuric acid ($ 146). 
After removal of the Huorine, ascertain the nature of the 
alkaline earth which you have now in the residue, in combi- 
nation with sulphuric acid. 

e. Tartarıc acıD or cıtrıc AcıD could only be present 
ifthe substance carbonized when ignited in the lass tube. 
The base isin that case found according to 87 and the acid 
according to $ 187. 


Simple Compounds. 


B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER, 
BUT SOLUBLE IN HYprocHLorıc Acın, NıTric AcıD, OR NıTRo 
HYDROCHLORIC ACID. 


Detection of the Acid. 
I. Detection of Inorganie Acids. 


s 186. 

1. Cutorıc Acıp cannot be present, since all chlorates are 90 
soluble in water; wnirric AcıD, which may be present in form ofa 
basic salt, must have been revealed already by the ignition of the 
substance in a glass tube, and so must CYANOGEN (8). For the 
analysis of the ovanıDes insoluble in water see s 204. The results 
of the test with phosphate of soda and ammonia will have directed 
attention to the presence of SILICIC ACID. Evaporation of the 
hydrochloric acid solution to dryness, and treatment of the residue 
with hydrochloric acid and water, will remove all doubt on this 
point. 

2. ARSENIOUS and ARSENIC ACID,“ CARBONIC ACID, CHRO- 01 
MıG AcıD and SULPHUR in the form of metallic sulphides, would 
have been already detected in the preliminary examination, in the 
process of solution, or in the examination for the base. Chromic 
acid would have been indicated by the yellow or red color of 
the substance, by the evolution of Oerins on boiling with hydro- 


Hydrosulphurie acid is the best reagent to distinguish between arsenious and 
a "as in compounds insoluble in water but soluble in bydrochlorice acid, 
134, 9. 
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ch ori acid and by the subsequent detection of sesquioxide of chro- 
mium in the solution. Its presence is confirmed by fusing with 
carbonate of soda ($ 138). 
3. Boil a portion of the substance with nitrie acid. 92 
a. If nitric oxide is evolved, and sulphur separates, this is 
confirmative of the presence of a metallic suLPHIDE. 
b. If violet vapours escape, the compound is a metallic 
IODIDE.* 
ec. If reddish-brown fumes of a chlorine-like smell are evolved, 
the compound is a metallic BROMIDE,* in which case the fumes 
will color starch yellow ($ 153). 

4. Dilute a small portion of the nitrie acid solution—or of the 93 
filtrate of this solution, should the nitric acid have left an undis- 
solved residue—and add nitrate ofsilver. A white precipitate, which, 
after washing, is soluble in ammonia, and fuses without decomposi- 
tion when heated, indicates CHLORINE.* 

5. Boil a portion of the substance with hydrochlorie acid, filter 94 
if necessary, dilute with water, and add chloride of bariuım. A white 
precipitate, which does not redissolve even upon addition of a large 
quantity of water, indicates SULPHURIG ACID. 

6. Test for BoRAcCIC AcıD as directed $ 144, 6. 95 

7. If none of the acids enumerated from 1 to 6 are present, there 
is reason to suspect the presence of PHOSPHORIC ACID, OXALIC 
ACID, OT FLUORINE, or the total absence ofacids. To the presence 
of oxalic acid your attention will have been called already in the 
course of the preliminary examination (8). Phosphoric acid and 
fluorine have been found already if they were combined with an al- 
kaline earth, and also oxalic acid, if combined with baryta, strontia, 
or lime, 87 to 89; they need therefore here be tested for only where 
the examination has revealed the presence of some other base. To 
that end precipitate the base, if belonging to Group V. or VI., with 
hydrosulphuric acid, or if belonging to Group IV., with sulphide of 
ammonium, and filter. If you have precipitated with sulphide of 
anınonium, add to the filtrate hydrochloric acid to acid reaction, 
expel in either case the hydrosulphuric acid by boiling, and filter if 
necessary. Testa portion of this solution for phosphoric acid, oxalic 
acid, and fluorine, as directed 70. If the base was alumina or ses- 
quioxide of chromium or magnesia, test for phosphoric acid with 
molybdate of ammonia in the nitric acid solution of the substance 
($ 142, 10) ; for oxalic acid with binoxide of manganese and sulphurie 
acid ($ 145) ; for fluorine with sulphuric acid ($ 146). 


* It is sometimes more convenient, as for instance in the case of subiodide, sub- 
bromide and subchloride of mercury, to test for the halogen by boiling the substance 
with soda, filtering, and testing the filtrate according to 73. 
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Simple Compounds. 


B. SuBsTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER, 
BUT SOLUBLE IN ACIDS. 


Detection of the Acid. 
II. Detection af Organie Acids. 


$ 187. 


1. Formıc Acın cannot be present, as all the formates are 96 
soluble in water. 

9. Aonrıc Acın has been revealed already in the preliminary 
examination, by the evolution of acetone. Confirm with sulphuric 
acid and alcohol ($ 171). 

3, Benzoıc Acın is usually detected by its separating on solu- 
tion of the substance in hydrochlorie acid, or when the hydrochloric 
solution cools. Confirm by washing and drying the precipitate and 
then subliming it. 

4. Boil a portion of the substance for some time with solution of 97 
carbonate of sodain excess, and filter hot. You have now, in most 
cases, the organic acid in solution in combination with soda. Aci- 
dulate the solution sliehtly with hydrochlorie acid, expel the car- 
bonic acid by heat, and test as directed $ 184. With bases of the 
fourth group and also in presence of oxide of lead, this mode of 
separation is not completely successful. In exceptional cases of the 
kind add to the filtrate, after boiling with carbonate of soda, sul- 
phide of ammonium until the whole of the metallic oxide is thrown 
down, filter and proceed as above. 


Simple Compounds. 


C. SuBSTANCES INSOLUBLE OR SPARINGLYSQLUBLE IN WATER, 
HvorocnuLorıc Acınp, Nırrıc AcıD, AND NITRO-HYDRO- 
CHLORIC ACID. 


Detection of the Base and the Acid. 
$ 188. 


Undgr this head we have to consider the following substances as 98 
the only bodies likely to be met with, viz.—SULPHATE OF BARYTA, 
SULPHATE OF STRONTIA, SULPHATE OF LIME, FLUORIDE OF 
CALCIUM, SILICA, strongly ignited or native ALUMINA, SULPHATE 
OF LEAD, compounds of LEAD with CHLORINE and BROMINE; 
compounds of SILVER with CHLORINE, BROMINE, IODINE, and 
CYANOGEN; ignited or native BINOXIDE OF TIN, ignited SES- 
QUIOXIDE OF CHROMIUM, and lastly SULPHUR and CARBON. 
For the simple silicates I refer to $ 205, for the ferro- and ferri- 
cyanides to $ 204. Whether or no these latter compounds are to be 
suspected, you will have learnt from the preliminary examination. 

Sulphate of lime and chloride of lead are not altogether insoluble 
in water, and sulphate of lead ae be dissolved in hydrochloric 
acid. . However, as these compounds are 50 sparingly soluble that 
complete solution of them is seldom effected, they are included here 
also to ensure their detection, should they have been overlooked 
in the examination of the aqueous or acid solution. 
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1. Free suLpmur must have been detected already in the pre- 
liminary examination, 

2. CARBON is generally black ; it is insoluble in aqua regia ; 
put on platinum foil, with the blowpipe Hlame playing upon the 
under side of the foil, it is consumed z “= deflagration with nitrate 
of potassa it yields carbonate of potassa. 

8. SESQUIOXIDE OF CHROMIUM is green or blackish green and 
would have been previously detected in the mierocosmic bead (18). 

4. Pour sulphide of ammonium over a very small quantity of 99 
the substance. 

a. IT TURNS BLACK; this indicates a salt of lead or silver. 

a. The body fused in the glass tube without decomposition (3): 
chloride oflead, bromide of lead; chloride of silver, bromide 
of silver, iodide of silver. Fuse one part of the compound 
with 4 parts of carbonate of soda and potassa in a small por- 
celain crucible, let cool, boil the residue with water, and 
test the filtrate for CHLORINE, BROMINE, and IODINE, as 
directed 73. Dissolve the residue, which consists either of 
metallic SILVER or OXIDE OF LEAD, in nitric acid, and test 
the solution as directed 46. 

B. The body evolved eyanogen by ignition in the glass tube, and 
left metallic silver behind : CYANIDE OF SILVER. 

y- The body remained unaltered by ignition in the glass tube : 
SULPHATE OF LEAD. PBoil a sample of it with solution of 
carbonate of soda, filter, acidulate the filtrate with hydro- 
chlorie acid and test with chloride of barium for 'sur- 
PHURIC AcıD; dissolve the washed residue in nitrie acid, 
and test the solution with hydrosulphuric acidand with sul- 
phuric acid for LEAD. 

b. IT REMAINS WHITE: absence of.a salt of lead or silver. 100 

a. Test a portion for‘BINOXIDE OF TIN with a borax 
bead colored slightly blue with oxide of copper (8129, 12). 
If a reddish brown to ruby red color is produced, confirm 
for the presence of tin by redueing a portion with carbonate 
of soda and cyanide of potassium ($ 129, 11). 

ß. Triturate a small portion with finely pulverized quartz, 
moisten the mixture in a small crucible with a few drops of 
strong sulphurie acid and warm gently. 

aa. White fumes are evolved, which redden litmus, and 
render turbid a drop of water ($ 150, 6): indicates FLVO- 

RIDE OF CALCIUM. Reduce a portion of the substance 

to a fine powder, decompose this in a platinum crucible 

with sulphuric acid, and try the reaction on glass 

($ 146), to confirm the presence of FLUORINE; boil 

the residue with hydrochloric acid, filter, neutralize the 

filtrate with ammonia, and test for LIME with oxalate of 
ammonia. 
bb. No fumes are evolved which redden litmus, and render 

Zurbid a drop of water. Mix a portion of the very finely 

pulverized substance with 4 times the quantity of pure 

carbonate of soda and potassa, and fuse in a platinum 


* Graphite requires strong heating in a current of oxygen. 


Be 
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crucible (or on platinum foil).. Boil the fused mass with 
water, filter should a residue be left, and wash the latter. 
Acidulate a portion of the filtrate with hydrochlorie acid, 
and test with chloride of barium for SULPHURIC ACID; 
and in case you do not find that acid, test another portion 
of the filtrate for sıLICIC ACID, by evaporating the fluid 
acidified with hydrochlorie acid ($ 150,2). H silicie acid 
also is absent, dissolve the vesidue of the evaporation in 
hydrochlorie heid and test with ammonia for ALUMINA. 

If the sıLıcıc acıp was present in the pure state, 
the mass resulting from the fusion with carbonate of soda 

. and potassa must have dissolved in water to a clear Auid ; 
but if silicates also happened to be present, the bases of 
them are left behind undissolved, and may be further 
examined. 

In the absence of alumina you cannot expect the 
fusion to dissolve completely in water unless you have 
employed a large quantity of the Aux and a high tempe- 
rature. 

If sulphuric acid has been found, the alkaline earth 
which was combined with it is found on the filter as & 
carbonate. Wash this, then dissolve in dilute hydro- 
chlorie acid, evaporate to dryness, take up with water, 
and test for BARYTA, STRONTIA, And LIME, as directed 


62. 
Complex Compounds.* 


A. SUBSTANCES SOLUBLE IN WATER, AND ALSO SUCH AS ARE 
INSOLUBLE IN WATER, BUT DISSOLYE IN HYDROCHLORIC 
Acıp, NıTric AcıD, OR NITRO-HYDROCHLORIO ACID. 


Detection of the Bases.Y 


8 189.1 


(Treatment mith Hydrochlorie Acid : Detection of Silver, Subowide 

of Mercury [Lead).) 
The systematic course for the detection of the bases is essen- 101 
tially the same for bodies soluble in water, as for those which are 
soluble only in acids.. Where the different nature of the original 
solution occasions a variation in the course of analysis, such varia- 
tion will be distinctly stated. 


I. SoLUTION IN WATER. 


Mıx THE PORTION INTENDED FOR THE DETECTION OF THE 102 
BASES WITH SOME HYDROCHLORIC ACID. 


* T use this term to designate compounds in which all the more frequently occur- 
ring bases, acids, metals, and metalloids are supposed to be present. 

*+ Consult the explanations in the Third Section, with the eontents of which you 
should make yourself thoroughly acquainted before proceeding further. Regard is 
here had also to the presence of the acids of arsenic, and of those salts of the alkaline 
earths which dissolve in hydrochlorie acid, and separate again from that solution un- 


altered upon neutralization of the acid by ammonia. 
+ Consult the remarks in the Third Section. 
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E SOLUTION HAD AN ACID OR NEUTRAL REACTION PRE- 
TO THE ADDITION OF THE HYDROCHLORIG ACID. 

0 PRECIPITATE IS FORMED: this indicates the absence 
lver and suboxide of mercury. Pass on to $190. 
PRECIPITATE IS FORMED. Add more hydrochloric 


acid, drop by drop, until the preeipitate ceases to increase ; 


then add 


about six or eieht drops more of hydrochloric acid, 


shake the mixture and filter. 

The preeipitate produced by hydrochlorie acid may con- 
sist of chloride of silver, subchloride of mercury, chloride of 
lead, a basie salt of antimony, basic chloride of bismuth, meta- 
chloride of tin, possibly also benzoic acid. The basic salt of 
antimony and the basic chloride of bismuth, however, redis- 
solve in the excess of hydrochlorie acid; consequently, if the 
instructions given have been strictly followed, the preecipitate 


colle 
subc 
very 


cted upon the filter can consist only of chloride of silver, 
hloride of mercury, or chloride of lead (possibly also ofthe 
rare metachloride of tin and benzoic acid, which, however, 


are disregarded here). 
Wash the precipitate collected upon the filter twice with 


cold 


water, add the washings to the filtrate, and examine the 


solution as directed s 190, even though the addition of the 
washings to the acid filtrate should produce turbidity in the 


Auid 


(which indicates the presence of compounds of antimony 


or bismuth, or possibly also of metachloride of tin). 
Treat the twice-washed precipitate on the filter as follows; 103: 


a. Pour hot water over it upon the filter, and test the 


fluid running off with hydrosulphuric acid and with sulphu- 
ric acid for LEAD. (The non-formation of a precipitate 
simply proves that the precipitate produced by hydrochlorie 


ac 


id contains no lead, and does not by any means establish 


the total absence of this metal, as hydrochloric acid fails to 
precipitate lead from dilute solutions). If the hydrochloric 
acid precipitate contains chloride of lead, wash it several 
times with hot water to dissolve out the lead. 


ß. If there is a residue remaining on the filter, treat it 


with ammonia. If this changes its color to black or gray, it 


is 


ac 


a proof of the presence of SUBOXIDE OF MERCURY. 
y. Add to the ammoniacal Auid running off in ß nitrie 
id to strongly acid reaction. The formation of a white 


3 
curdy precipitate indicates the presence of SILVER.* (If 
the precipitate still contained lead, the ammoniacal solution 
generally appears turbid, owing to the separation of a basic 
salt of lead. This, however, does not interfere with the 
testing for silver, since the basic salt of lead redissolves upon 
the addition of nitrie acid.) 

2. THE ORIGINAL AQUEOUS SOLUTION HAD AN ALKALINE 104 
REACTION. 


d. 


Tax ADDITION OF HYDROCHLORIC ACID TO STRONGLY 


ACID REACTION FAILS TO PRODUCE EVOLUTION OF GAS ORA 


* Ifthe 
of the fluid, 


quantity of silver is only very small, its presence isindicated by opalescence 
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PRECIPITATE, OR THE PRECIPITATE WHICH FORMS AT 
FIRST REDISSOLVES UPON FURTHER ADDITION OF HYDRO- 
CHLORIG ACID: pass on to $ 190. 


db. THE ADDITION OF HYDROCHLORIC ACID PRODUCES A 


PRECIPITATE WHICH DOES NOT REDISSOLVE IN AN EXCESS 
OF THE PRECIPITANT, EVEN UPON BOILING. 


a. The formation of the precipitate is attended neither with 105 


evolution of hydrosulphurie acid nor of hydrocyanic acid. Filter, 
and treat the filtrate as directed $ 190. 


ad. THE PRECIPITATE IS WHITE. It may, in that 
case, consist of a salt of lead or silver, insoluble or difh- 
cultly soluble in water and hydrochlorie acid (CHLORIDE 
OF LEAD, SULPHATE OF LEAD, CHLORIDE OF SILVER, 
&e.), or it may be HYDRATE OF SILICIC ACID. Test it 
for the bases and acids of these compounds as directed 
$ 203, bearing in mind that the chloride of lead or chlo- 
ride of silver which may be found may possibly have been 
formed in the process. 

bb. Tu: PRECIPITATE IS YELLOW OR ORANGE. In 
that case it may consist of SULPHIDE OF ARSENIC, and 
if the Huid from which it has separated was not boiled 
long, or only with very dilute hydrochlorie acid, also of 
SULPHIDE OF ANTIMONY, Or BISULPHIDE OF TIN, which 
substances were originally dissolved in ammonia, potassa, 
soda, phosphate of soda, or some other alkaline fluid, 
with the exception of alkaline sulphides and cyanides. 
Examine the precipitate, which may also contain HYDRATE 
OF SILICIG ACID, as directed 40. 


253 


ß. The formation of the preeipitate ıs attended with evolution af 106 


hydrosulphuric acid, but not of hydrocyaniec acid.* 


aa. THE PRECIPITATE IS OF A PURE WHITE COLOR, 
AND CONSISTS OF SEPARATED SULPHUR. Inthat case 
a& SULPHURETTED ALKALINE SULPHIDE is generally 
present. The presence of such a body may be detected 
also by the yellow or brownish-yellow color of the 
alkaline solution, and the odor of hydride of sulphur, 
which accompanies that of the sulphuretted hydrogen on 
the addition ofan acid. Boil, filter, and treat the filtrate 
as directed $ 194, the preeipitate as directed $ 203. 

bb. THE PRECIPITATE IS COLORED. In that case you 
may conclude that a METALLIC SULPHUR SALT is present, 
ie, a combination of an alkaline sulphur base with a 
metallie sulphur acid. The preeipitate may accordingly 
consist of TERSULPHIDE OF GOLD, BISULPHIDE OF PLA- 
TINUM, BISULPHIDE OF TIN, SULPHIDE OF ARSENIC, 
Or SULPHIDE OF ANTIMONY. It might, however, consist 
also of SULPHIDE OF MERCURY Or 0f SULPHIDE OF COP- 
PER OT SULPHIDE OF NICKEL, or contain these substan- 
ces, as the former will dissolve readily in sulphide of 


* Should the odor of the evolved gas leave any doubt regarding the actual presence 
or absence of hydrocyanie acid, add some chromate of potassa to a portion of the fluid, 
previously to the addition of the hydrochloric acid. 
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potassium, and in small quantities in sulphide of mo: 

nium, and the latter are slightly soluble in sulphide of 

ammonium. Filter, and treat the filtrate as directed $ 194, 

the precipitate as directed 40. 

y. Theformation of the precipitate is attended with evolution of 107 
hydrocyanie acid, with or without simultaneous disengagement of 
hydrosulphurie acid. "This indieates the presence of an ALKA- 
LINE CYANIDE, and, if the evolution of the hydrocyanie 
acid is attended with that of hydrosulphuric acid, also of an 
alkaline suLpnıpe. In that case the precipitate may, besides 
the compounds enumerated in a and ß, contain many other 
substances (e.g., eyanide of nickel, cyanide of silver, &e.). 
Boil, with further addition of hydrochlorie acid, or of nitrie 
acid, until the whole of the hydrocyanic acid is expelled, 
and treat the solution, or, if an undissolved residue has been 
left, the filtrate as directed $ 190; and the residue (if any) 
according to $ 203 or $ 204. 
ec. THE ADDITION OF HYDROCHLORIC ACID FAILS TO 108 

PRODUCE A PERMANENT PRECIPITATE, BUT CAUSES EVO- 
LUTION OF GAS. 

a. The escaping gas smells of hydrosulphurie aeid: this indi- 
cates a SIMPLE ALKALINE SULPHIDE, OT SULPHUR 
SALT WITH ALKALINE OR ALKALINE EARTHY BASE. 
Proceed as directed $ 194. 

ß. The escaping gas is inodorous: in that case it is CAR- 
BONIC AcıD which was combined with an alkali. Pass 
on to $ 190. 

y. The escaping gas smells of hydrocyanic acid (no matter 
whether hydrosulphuric acid or carbonic acid is evolved 
at the same time or not). This indicates an-ALKALINE 
CYANIDE. Boil until the whole of the hydrocyanic acid 
is expelled, then pass on to $ 190. 


II. SoLuTion In HYDROCHLORIGC AcıD OR IN NITROHYDRO- 
CHLORIG AcıD. 


Proceed ds directed $ 190. 


Ill. SoLvrTıon ın Nıtriıc Acıp. 


Dilute a small portion ; should this produce turbidity or a pre- 109 
eipitate (indicative of bismuth), add nitrie acid until the fluid is 
clear again, then hydrochlorie acid. 

1. No PRECIPITATE IS FORMED. Absence of silver and 
suboxide of mercury. Treat the principal solution as directed 
$ 190. 

2. A PRECIPITATE IS FORMED. Treat a larger portion of 
the nitric acid solution in the same way, filter, and examine the 
precipitate as directed 103, the filtrate as directed $ 190. 


IE BI DER 


IE RE FA 
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° s190.* 


(Treatment with Hydrosulphurie Acid. Precipitatim of the Metallic 
Oxides of Group V., Znd Division, and of Group VI.) 


ADD TO A small PORTION OF THE CLEAR ACID SOLUTION 
HYDROSULPHURIG ACID WATER, UNTIL THE ODOR OF HYDRO- 
SULPHURIG ACID 18 DISTINCTLY PERCEPTIBLE AFTER SHAKING 
THE MIXTURE, AND WARM GENTLY. 

1. No PRECIPITATE IS FORMED, even after the lapse of some 110 
time. Pass on to $ 194, for lead, bismuth, cadmium, copper, mer- 
cury, gold, platinum, antimony, tin, and arsenie,t are not present ;I 
the absence of sesquioxide of iron and of chromic acid is also indi- 
cated by this negative reaction. 

2. Ä PRECIPITATE IS FORMED. 

a. The preeipitate is of a pure white color, licht, and finely 111 
pulverulent, and does not redissolve on addition of hydro- 
chloric acid. It consists of separated sulphur, and indicates 
the presence of SESQUIOXIDE OF IRON.S None of the other 
metals enumerated in 110 can be present. Treat the prin- 
cipal solution as directed $ 194. 

b. The preeipitate is colored. 

Add to the larger proportion of the acid or acidified 112 
solution, best in asmall flask, hydrosulphurie acid water in 
excess, i.e., until the fluid smells distinctly ofit after shaking, 
and the precipitate ceases to increase upon continued addition 
of the reagent; apply a gentle heat, shake vigorously for 
some time, filter, keep the filtrate (which contains the oxides 
present of Groups 1.—IV.), for further examination accord- 
ing to $194, and thoroughly wash|| the preeipitate, which 
contains the sulphides of the metals present of Groups V. 

and VI. 

In many cases, and more particularly where there isany 
reason to suspect the presence of arsenic, it will be found 
more convenient to transmit hydrosulphuric acid gas 
through the solution DILUTED WITH WATER, instead of 
adding hydrosulphurie acid water. When arsenie is sus- 
pected it is also well to keep the Auid at about 70° during 
the transmission of the gas. 


* Consult the remarks in the Third Section. 

»+ Where the preliminary examination has led you to suspect the presence of arsenie 
acid, you must endenvour to obtain the most conclusive evidence of the absence of this 
acid ; this may be done by allowing the fluid to stand for some time at a gentle heat 
(about 70°), or by heating it with sulphurous acid previous to the addition of the 
hydrosulphurie acid. (Compare $ 133, 3.) 

+ In solutions containing much free acid the preeipitates are frequently formed 
only after dilution with water. 

$ Sulphur will precipitate also if sulphurous acid, or iodie acid, or bromie acid is 
present (which substances are not included in our analytical course), and also if chromic 
acid, or chlorie acid, or free chlorine is present. In presence of chromie acid the sepa- 
ration of the sulphur is attended with reduction of the acid to sesquioxide of chromium, 
in consequence of which the reddish-yellow color of the solution changes to green. 
(Compare $ 138.) The white sulphur suspended in the green solution looks at first 
like a green precipitate, which frequently tends to mislead beginners. 

|| Compare $ 7. 
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If the precipitate is yellow, it consists prineipally of 113 
sulphide of arsenic, bisulphide oftin, or sulphide of cadmium; 
if orange colored, this indicates sulphide of antimony ; if 
brown or black, one at least of the following oxides is present; 
oxide of lead, teroxide of bismuth, oxide of copper, oxide of 
mercury, teroxide of gold, binoxide of platinum, protoxide 
of tin. However, as a yellow precipitate may contain small 
particles of an orange colored, a brown, or even a black pre- 
cipitate, and yet its color not be very perceptibly altered 
thereby, it will always prove the safest way to assume the 
presence of all the’ metals named in 110 in any precipitate 
produced by hydrosulphuric acid, and to proceed accordingly 
as the next paragraph ($ 191) directs. 


5101* 


(Treatment of the Precipitate produced by Hydrosulphurie Acid with Sul- 
phide of Ammonium ; Separation gf the And Division of Group V. from 
Group VI.) 


INTRODUCE A SMALL PORTION OF THE THOROUGHLY WASHED 114 
PRECIPITATE PRODUCED BY HYDROSULPHURIC ACID IN THE 
ACIDIFIED SOLUTION INTO A TEST-TUBE,t ADD A LITTLE 
WATER, AND FROM TEN TO TWENTY DROPS OF YELLOW SUL- 
PHIDE OF AMMONIUM, AND EXPOSE THE MIXTURE FOR A SHORT 
TIME TO A GENTLE HEAT.! 

1. Tue PRECIPITATE DISSOLVES COMPLETELY IN SULPHIDE 115 
OF AMMONIUM (OTSULPHIDE OF SODIUM, as the case may be); 
absence ofthe metals of Group V.—cadmium, lead, bismuth, copper, 
mercury. Treat the remainder of the precipitate (of which you 
have digested a portion with sulphide of ammonium) as directed 
8 192. If the preeipitate produced by hydrosulphuric acid was so 
trifling that you have used the whole of it in treating with sulphide 
of ammonium, precipitate the solution obtained in that process by 
addition of hydrochloric acid, filter, wash the precipitate, and treat 
it as directed $ 192. 

2. THE PRECIPITATE IS NOT REDISSOLVED, OR AT LEAST wort 116 
COMPLETELY even on heating with more sulphide. of ammonium 


* Consult the notes in the Third Section. 

+ If there is a somewbat large precipitate, this may be readily effeeted by means 
of a small spatula of platinum or horn ; butif you have only a very trifling precipitate, 
make a hole in the bottom of the filter, and rinse the precipitate into the test tube by 
means of the washing-bottle, wait until the precipitate has subsided, and then decant 
the water. 

+ If the solution contains copper, which is generally revealed by the colour of the 
fluid, and may be ascertained positively by testing with a clean iron rod (see S 120, 
11), use sulphide of sodium instead of sulphide of ammonium (in which sulphide of 
copper is not absolutely insoluble, see $ 120, 5), and boil the mixture. But if the 
fluid, besides copper, contains also oxide of mercury (the presence of which is generally 
sufßeiently indicated by the several changes of color exhibited by the preeipitate form- 
ing upon the addition of the hydrosulphuric acid water [$ 119, 3], and which, in 
doubtful cases, may be detected with positive certainty by testing a portion of the 
original solution acidified with hydrochlorie acid with protochloride of tin), sulphide of 
ammonium must be used, although the separation of the sulphides of the antimony 
group from the sulphide of copper is not fully effeeted in such cases. Were sulphide 
of sodium used, the sulphide of mercury would dissolve in this reagent, which would 
impede the uiterior examination of the sulphides of the antimony group, 

$. 
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or sulphide of sodium, as tlıe case may be): presence of metals of 
Group V. Dilute with 4 or 5 parts of water, filter, and mix the 
filtrate with hydrochlorie acid in slight excess. 

a. A pure white turbidity is occasioned, omwing to the separation 
of sulphur, Absence of the metals of Group VI.—gold, plati- 
num, tin, antimony, and arsenic.* Treat the rest of the preci- 
pitate (of which you have digested a portion with sulphide of 
ammonium) according to $ 193. 

b. A colored preeipitate is formed: presence of metals of 117 
Group VI, and of Group V. Treat the entire preeipitate pro- 
duced by hydrosulphuric acid as you have treated the portion, 
ie. digest it with yellow sulphide of ammonium or, as the case 
may be, sulphide of sodium, let subside, pour the supernatant 
liquid on a filter, digest the residue in the tube once more 
with yellow sulphide of ammonium (or sulphjide of sodium), 
and filter. Wash the residuet (containing the sulphides of 
Group V.), and treat it afterwards as direeted $ 193. Dilute 
the filtrate (which contains the metals of Group VI. in the 
form of sulphur salts), add hydrochlorie acid to distinctly acid 
reaction, heat gently, filter off the precipitate, which contains 
the sulphides of the metals of Group VI. mixed with sulphur, 
wash thoroughly, and proceed as directed in the next para- 


graph ($ 192). 
IR 


(Detection of the Metals of Group VI.: Arsenie, Antimony, Tin, 
Gold, Platinum.) 


If the preeipitate consisting of the sulphides of Group VI. has 118 
4 PURE YELLOW COLOR, this indicates principally arsenic and bin- 
oxide of tin ; if it is distinetly oRANGE-YELLOW, antimony is sure 
to be present; if it is BROWN OT BLACK, this denotes the presence 
of protoxide of tin, platinum, or gold. 

Beyond tlese general indications the color of the precipitate 
affords no safe guidance. It is therefore always advisable to test 
a yellow precipitate also for antimony, gold, and platinum, since 
minute quantities of the sulphides of these metals are completely 


* That this inference becomes uncertain if the preeipitate produced by hydrosul- 
phurie acid, instead of being digested with a small quantity of sulphide of ammonium, 
has been treated with a large quantity of that reagent, is self-evident ; for the large 
quantity of sulphur which separates in that case will of course completely conceal any 
slight traces of sulphide of arsenic or bisulphide of tin which may have been thrown 
down. Compare also notes to $ 190 and $ 191 in the Third Section. 

*+ If the residue suspended in the fluid containing sulphide of ammonium, and 
insoluble therein, subsides readily, it is not transferred to the filter, but washed in the 
tube by decantation. But if its subsidence proceeds slowly and with diflieulty, it is 
transferred to the filter, and washed there ; a hole is then made in the bottom of the 
filter, and the residue rinsed into a small porcelain basia by means ofa washing-bottle ; 
the application of a gentle heat will now materially aid the subsidence of the residue, 
and the supernatant water may then be decanted. The sulphides are oocasionally sus- 
pended in the fluid in a state of such minute division that the fluid cannot be filtered 
off clear. In cases of the kind some chloride of ammonium should be added to the 
fluid, and it should be allowed to settle at a gentle heat for some time before being 
filtered. 

+ Consult the notes in the Third Section. 


% s . 
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hidden by alarge quantity of bisulphide of tin or sulphide of arsenic. 
Proceed accordingly as follows: 

Heat a little of’the precipitate on the lid of a porcelain crucible, 
or on a piece of porcelain or glass.* 

1. Complete volatilization ensues: probable presence of ansenıc, 119 
absence of the other metals of Group VI. Confirm by reduction 
of a portion of the precipitate with eyanide of potassium and car- 
bonate of soda ($ 132, 12).+ Whether that metal was present in 
the form of arsenious acid or in that of arsenic acid, may be ascer- 
tained by the methods described $ 134, 9. 

2. A fixed residue is left. In that case all the metals of Group VI. 120 
must besought for. Dry the remainder of the precipitate thoroughly 
upon the filter, triturate it with about 1 part of anhydrous carbonate 
of soda and 1 part of nitrate of soda, and transfer the mixture in 
small portions at a time to a porcelain crucible, in which you have 
previously heated D parts of nitrate of soda to fusion. As soon as 
complete oxidation is effected, pour the mass on to a piece of por- 
celain. After cooling soak the fused mass$ (the portion still 
sticking to the inside of the crucible as well as the portion poured 
out on the porcelain) in cold water, filter from the insoluble residue 
— which will remain if the mass contained antimony, tin, gold, or 
platinum —and wash thoroughly with a mixture of about equal 
parts of water and alcohol. (The alcohol is added to prevent the 
solution of the antimonate of soda. The washings are not added 
to the filtrate.) The filtrate and the residue are now examined as 
follows: 

a. EXAMINATION OF THE FILTRATE FOR ARSENIC (which 121 
must be-present in itin the form of arsenate of soda). Add 
nitrie acid to the Auid to distinetacid reaction,|]| heat to expel 
carbonic acid and nitrous acid, then divide the fluid into two 

ortions. Add to the one portion some nitrate of silver (not 
too little), filter (in case chloride of silver! or nitrite of silver 


* That this preliminary examination may be omitted if the precipitate has any 
other color than yellow, and that it can give a decisive result only if the precipitate 
has been thoroughly washed, is self-evident. 

* In cases where the precipitate contains much free sulphur, dissolve the sulphide 
of arsenic which may be present, by digestion in carbonate of ammonia, filter, eva- 
porate the solution with addition of a small quantity of carbonate of soda, to dryness, 
and heat the residue with cyanide of potassium and carbonate of soda. 

+ Should the amount of the preeipitate be so minute that this operation cannot be 
conveniently performed, cut the filter, with the dried precipitate adhering to it, into 
small pieces, triturate these with some carbonate and nitrate of soda, and project both 
the powder and the paper into the fusing nitrate of soda. It is preferable, however, 
in such cases, to procure, if practicable, a larger amount of the precipitate, as other- 
wise there will be but little hope of effecting the positive detection of all the metals of 
Group VI. 

$ Supposing all the metallic sulphides of the sixth group to have been present, 
the fused mass would consist of antimonate and arsenate of soda, binoxide of tin, 
metallic gold and platinum, sulphate, carbonate, nitrate, and some nitrite of soda. 
Compare also $ 134, 1. When gold and tin are present together the fused mass often 
bas a peculiar light red color. 

| In some cases where a somewhat large proportion of carbonate of soda has been 
used, or a very strong heat applied, a trifling precipitate (hydrated binoxide of tin) 
may separate upon the acidihication of the filtrate with nitrie acid. Tlıiis may be fil- 
tered off, and then treated in the same manner as the undissolved residue. 

« Chloride of silver will separate if the reagents were not perfectly puxe, or the 
precipitate has not been thorouglly washed. 
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should have separated), pour upon the filtrate, along the side 
of the tube held slanting, a layer of dilute solution of ammo- 
nia—2 parts of water to 1 part of solution of ammonia—and 
allow to stand some time without shaking. The formation of 
a reddish-brown precipitate, which na hovering cloud- 
like between the two layers (and may be seen far more readily 
and distincıly by reflected than by transmitted light), denotes 
the presence of ARSENIC. 

If the arsenic is present in some quantity, and the free 
nitrie acid of the solution is exactly saturated with ammonia, 
the Auid being stirred during this process, the preeipitate of 
arsenate of silver which forms imparts a brownish-red tint 
to the entire fluid. 

Add to the other portion of the acidified solution, first 122 
ammonia, then a mixture of sulphate of magnesia and chloride 
of ammonium, and rub the sides of the vessel with a glass 
rod. A crystalline precipitate of arsenate of magnesia and 
ammonia, which often forms only after long standing, and is 
deposited more particularly on the side of the vessel, shows 
the presence of arsenic. By way of confirmation the precipi- 
tate may be washed with water containing ammonia, dissolved 
in dilute hydrochlorie acid and the solution precipitated by 
sulphuretted hydrogen with the aid of a gentle heat, or the 
arsenic may be reduced to the metallic state (compare $ 132 
and $ 133). Whether the arsenic was present in the form of 
arsenious acid or in that of arsenie acid, may be ascertained 
by the methods described $ 134, 9. 

b. EXAMINATION OF THE RESIDUE FOR ANTIMONY, TIN, 123 
GOLD, PLATINUM. (As the antimony, if present in the re- 
sidue, must exist as white pulverulent antimonate of soda, the 
tin as white floceulent binoxide, the gold and platinum in the 
metallic state, the appearance of the residue is in itself indica- 
tive ofits nature. But it must be noted that on account of 
the slight solubility of sulphide of copper in sulphide of 
ammonium, a little oxide of copper may also be present in this 
residue.) Transfer the precipitate to the lid of a platinum 
crucible, or to a platinum capsule, heat with hydrochloric acid, 
add a little water, and throw in a small compact lump of pure 
zinc (more particularly, free from lead), no matter whether 
the preeipitate has completely dissolved or not in the hydro- 
chlorie acid. This operation leaves the gold and platinum in 
the same state in which the fused mass contained them, viz., 
in the metallic state, to which the tin and antimony are now 
likewise reduced by the action of the zine. The AnTıImonY 
reveals its presence at once, or after a short time, by blackening 
the platinum. As soon as the disengagement of hydrogen 
has nearly stopped, take out the lump of zine, remove the 
solution of chloride of zine by cautious decantation, warm 
the metals with hydrochlorie acid, and test the solution— 
which, if rın is present, must contain protochloride of tin— 
with chloride of mereury ($ 129, 8). In what state of oxi- 
dation tin or antimony were originally present may be ascer- 
tained according to $ 134, 7 bie 8. 

S 
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After removing the tin by repeated boiling with hydrochlorie 124 
acid, and all the hydrochloric acid by thoroughly washing 
with water, examine the insoluble residue (if one is left) as 
follows: Heat it in the platinum lid with some water, with 
addition of a few grains of tartarie acid, then add some nitric 
acid, and heat gently. If the residue dissolves completely, 
no gold or platinum is present; if a residue is left undissolved, 
you must test it for these metals. For this purpose remove 
the acid solution (which may be tested again for ANTIMONY 
with hydrosulphuric acid) by decantation and washing, transfer 
the residue to a porcelain dish, heat with a little aqua regia, 
evaporate the solution to a small volume, and test for GOLD 
and PLATINUM as directed $ 128. 


8 1983.* 


(Detection of the Metallic Oxides of Group V., 2nd Division ——Oxide of 


Lead, T' erowide of Bismuth, Oxide of Copper, Oxide of Cadmium, Oxide 
of Mercury.) 
THOROUGHLY WASH THE PRECIPITATE WHICH HAS NOT BEEN 125 


DISSOLVED BYSULPHIDE OF AMMONIUM, AND BOIL WITH DILUTE 
NITRIC ACıp. This operation is performed best in a small por- 
celain dish: the boiling mass must be constantly stirred with a 
glass rod. A great excess of acid must be avoided. 


1. Tue PRECIPITATE DISSOLVES, AND THERE REMAINS 126 


FLOATING IN THE FLUID ONLY THE SEPARATED LIGHT FLOCCU- 
LENT AND YELLOW SULPHUR: this indicates the absence of mercury, 
CADMIUM, COPPER, LEAD, and BISMUTH may be present. Filter 
from the separated sulphur, and treat the filtrate as follows (should 
there be too much nitric acid present, the greater part of this 
must first be driven off by evaporation). Add to a portion of the 
filtrate dilute sulphuric acid in moderate quantity, heat gently, 
and allow to stand some time. 


a. NO PRECIPITATE FORMS: absence of lead. Mix the 197 
remainder of the filtrate with ammonia in excess, and gently 
heat. 

a. No precipitate is formed: absence of bismuth. If the 1238 
liquid is blue, COPPER is present; very minute traces of 
copper, however, might be uverlooked if the color of the 
ammoniated Auid alone were consulted. To be quite safe, 
and also to test for cadmium, evaporate the ammoniated 
solution nearly to dryness, add a little acetic acid, and, if 
necessary, some water, and 

aa. Test a small portion of the fluid for copper with 129 
ferrocyanide of potassium. A reddish-brown preeipitate, 

or a light brownish-red turbidity, indicates COPPER (in 

the latter case only to a very trifling amount). 

bb. To the remainder if copper is absent add hydro- 130 
sulphuric acid. A yellow precipitate indicates CADMIUM. 

If copper is present, it is most conveniently removed in 

the form of subsulphocyanide by means of sulphurous 

acid and sulphocyanide of potassium, and the filtrate, 


* Consult the notes in the Third Section. 
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after being evaporated to drive off excess of sulphurous 

acid, ıs tested for cadmium with hydrosulphuric acid. 

Or both metals may be precipitated by hydrosulphuric 

acid and then separated by cyanide of potassium (in 
which case the sulphides must have been recently pre- 

eipitated) or by boiling dilute sulphuric acid ($ 123). 

ß. A preeipitate is formed. BisMUTH is present. Filter 
and test the filtrate for copper and cadmium as directed 
128. Totest the washed precipitate more fully for bismuth, 
slightly dry the filter containing it between blotting-paper, 
remove the still moist preeipitate with a platinum spatula or 
aknife, dissolve on a watch-glass in the least possible quantity 
of hydrochlorie acid, and then add water. The appearance 
of a milky turbidity confirms the presence of bismuth. 

b. A PRECIPITATE IS FORMED. Presence of Lean. Mix 
the whole of the nitrie acid solution in a porcelain dish with a 
suficient quantity of dilute sulphuric acid, evaporate on the 
water-bath until the nitrie acid is expelled, dilute the residue 
with some water containing sulphuric acid, filter off at once 
the sulphate of lead left undissolved, and test the filtrate for 
bismuth, copper, and cadmium, as directed 197.* Test the 
preeipitate, after washing, by one of the methods in $ 123. 

2. THE PRECIPITATE OF THE SULPHIDES DOES NOT COM- 
PLETELY DISSOLVE IN THE BOILING NITRIC ACID, BUT LEAVES 
A RESIDUE, BESIDES THE SULPHUR THAT FLOATS IN THE 
rLuiDd. Probable presence of oxIDE OF MERCURY (which may be 
pronounced almost certain if the preecipitate is heavy and black). 
Allow the precipitate to subside, filter off the fluid, which is still 
to be tested for CADMIUM, COPPER, LEAD, and BISMUTH; mix a 
small portion of the filtrate with a large amount of solution of 
hydrosulphuric acid, and should a preeipitate form or a coloration 
become visible, treat the remainder of the filtrate according to 126. 

Wash the residue (which may, besides sulphide of mercury, also 
contain sulphate of lead, formed by the action of nitric acid upon 
sulphide of lead, and also binoxide of tin, and possibly sulphide of 
gold and sulphide of platinum, as the separation of the sulphides 
of tin, gold, and platinum from the sulphides of the metals of the 
fifth group is often incomplete), and examine one half of it for 
mercury,t by dissolving it in some hydrochloric acid, with addition 
of a very small portion of chlorate of potassa, and testing the 
solution with copper or protochloride of tin ($ 119); fuse the other 
balf with cyanide of potassium and carbonate of soda, and treat 
the fused mass with water. If ınetallie grains remain, or if a me- 
tallice powder is left undissolved, wash this residue, heat with 
nitrie acid, and test the solution obtained with sulphurie acid for 
lead. Wash the residue which the nitrie acid may leave undis- 
solved, and extract from it any hydrate of metastannie acid which 
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131 


132 


133 


* For another method of separating cadmium, copper, lead, and bismuth, see the 


Third Section. 


+ If you have an aqueous solution, or a solution in very dilutehydrochlorie acid, tbe 
oxide of mercury found was present in the original substance in that form ; but if 
the solution has been prepared by boiling with concentrated hydrochlorie acid, or by 
heating with nitric acid or aqua regia, the mercury may have been or‘ginally present 


in the form of suboxide. 
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ıt may contain, according to $ 130, 1, as metastannie chloride. 
Should a metallic powder be left undissolved in the process, heat it 
with aqua regia, and test the solution for gold and platinum as 
directed $ 128. 


$ 194.* 


(Preeipitation with Sulphide of Ammonium, Separation and Detection of the 
Ozxides of Groups III. and IV.: Alumina, Sesqwoxide of Chromium ; 
Oxide of Zine, Protowide of Manganese, Protoxide of Nickel, Protosxide 
of Cobalt, Proto- and Sesquiowide of' Iron ; and also of those Salts of the 
Alkaline Earths which are precipitated by Ammonia ‚from their Solution in 
Hydrochlorie Acid: Phosphates, Borates, Oxalates, Silicates, and Fluorides.) 


Pur A small portion OF THE FLUID IN WHICH HYDROoSUL- 134 

PHURIC ACID HAS FAILED TO PRODUCE A PRECIPITATE (110), OR 
OF THE FLUID WHICH HAS BEEN FILTERED FROM THE PRECIPI- 
TATE FORMED (112), in a test-tube, observe whether it is colored 
or not,t boil to expel the hydrosulphuric acid which may be pre- 
sent, add a few drops of nitric acid, boil, and observe again the 
color of the fluid; then cautiously add ammonia just to alkaline 
reaction, heat, observe whether this produces a precipitate, then 
add some sulphide of ammonium, no matter whether ammonia has 
produced a precipitate or not. 

a. NEITHER AMMONIA NOR SULPHIDE OF AMMONIUM 135 
PRODUCES A PRECIPITATE. Pass on to $ 195, for iron, 
nickel, cobalt, zinc, manganese, sesquioxide of chromium, 
alumina, are not present, nor are phosphates, borates,$ 
silicates, and oxalates|| of the alkaline earths; nor fluorides 
of the metals of the alkaline earths, nor silicice acid—originally 
in combination with other bases. 

b. SULPHIDE OF AMMONIUM PRODUCES A PRECIPITATE, 136 
AMMONIA HAVING FAILED TO DO SO: absence of phosphates, 
borates,$ silicates, and oxalates|| of the alkaline earths; of 
the fluorides of the metals of the alkaline earths; of silicie 
acid, originally in combination with other bases; and also, if 
no organic matters are present, of iron, sesquioxide of chro- 
mium, and alumina. Pass on to 138. 


* Compare the notes in the Third Section. 

+ Ifthe fluid is colorless, it contains no chromium. If colored, the tint will to 
some extent act as a guide to the nature of the substance present ; thus a green tint, 
or a violet tint turning green upon boiling, points to chromium ; a light green tint to 
nickel; a reddish color to cobalt; the turning yellow of the fluid upon boiling with 
nitric acid to iron. It must, however, be always borne in mind that these tints are 
perceptible only if the metallic oxides are present in large quantity, and also that com- 
plementary colors, such as, for instance, the green of the nickel solution and the red 
of the cobalt solution will destroy each other, and that, accordingly, a solution may 
contain both metals and yet appear colorless. - 

+ This only holds good as regards alumina and sesquioxide of chromium in the ab- 
sence of non-volatile organic substances, especially acids such as citrie and tartarie 
acids. Citric acid may also prevent the precipitation of manganese. Compare p. 239, 
footnote. 

$ Presence of much chloride of ammonium has a great tendencey to prevent the pre- 
eipitation of borates of the alkaline earths. 

|| Oxalate of magnesia is thrown down from hydrochloric acid solution by ammonia 
after some time only, and never completely; dilute solutions are not precipitated by 
amımonia. 
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ec. AMMONIA PRODUCES A PRECIPITATE before the addi- 137 


tion of sulphide of ammonium. The course of proceeding to 
be ER now depends upon whether, (a) the original solu- 
tion is simply aqueous, and has a neutral reaction, or (ß) the 
original solution is acid or alkaline. In the former case pass 
on to 138, since phosphates, borates, oxalates, and silicates 
of the alkaline earths, Hluorides of the metals of the alkaline 
earths, and silieice acid in combination with other bases, 
cannot be present. In the latter case regard must be had to 
the possible presence of all the bodies enumerated in 135, and 
also, in the presence of organic matter, of the combinations of 
alkaline earths with eitric and tartaric acids; pass on to 150. 


1. DETECTION OF THE BASES OF GROUPS III. AND IV.ır 138 


PHOSPHATES, &C., OF THE ALKALINE EARTHS ARE NOT PRE- 
SENT.* 

Mix the fluid mentioned at the beginning of 134, a portion of 
which you have submitted to a preliminary examination, with some 
chloride of ammonium, then with ammonia, just to alkaline re- 
action, lastly with sulphide of ammonium until the fluid, after 
being shaken, smells distinetly of that reagent; shake the mixture 
until the precipitate begins to separate in flakes, heat gently for 
some time, and filter. 

Keep the rıLrratg,t which may contain bases of Groups 
II. and I., for subsequent examination according to $ 195. Wash 
the PRECIPITATE with water to which a very little sulphide of 
ammonium has been added, then proceed with it as follows :—— 


a. Ir HAS A PURE WHITE coLor: absence of iron, cobalt, 139 


nickel. You must test it for all the other bases of Groups 
III. and IV., as the faint tints of sesquioxide of chromium 
and sulphide of manganese are imperceptible in a large 
quantity of a white precipitate. Dissolve the precipitate by 
heating it in a small dish with the least possi ble amount of 
Iıydrochlorie acid; boil—should hydrosulphurie acid be 
evolved—until this is completely expelled, concentrate by 
evaporation to a smallt bulk, add concentrated solution of 
soda in excess, heat to boiling, and keep for some time in a 
state of ebullition. 


a. The precipitate formed at first dissolves completely in the ex- 140 


cess of soda. Absence of manganese and chromium, presence 
of alumina or oxide of zinc. Test a portion of the alkaline 
solution with solution of hydrosulphuric acid (a little, not 
excess) for zınc; acidify the remainder with hydrochlorie 
acid, add ammonia slightly in excess, and apply heat, A 


* This simpler method will fully answer the purpose in most cases ; for very accu- 
rate analysis the method beginning at 150 is preferable, as this will permit also the 
detection of minute quantities of alkaline earths, which may have been thrown down 
together with alumina or sesquioxide of chromium. Solutions which are distinetly 


colored by chromium should always be examined by 150, 


+ If the filtrate has a brownish color, this points to nickel, sulphide of nickel, as is 
wellknown, being, under certain eircumstances, slightly soluble in sulphide of ammo- 


nium ; this, however, involves no modification of the analytical course. 
+ Compare $ 106, 6. 
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white floceulent preeipitate insoluble in more chloride of 
ammonium, indicates ALUMINA.* 

B. The preeipitate formed does not dissolve, or dissolves only 141 
partially in the excess of soda. Dilute, filter, and test the 
FILTRATE, as in 140, for zıncand ALUMINA. With the 
undissolved PRECIPITATE, which, if containing manganese, 
looks brown or brownish, proceed as follows :—— 

aa. If the color of the solution gives you no reason to 
suspect the presence of chromium, test the precipitate for 

MANGANESE, with carbonate of soda in the outer blow- 

pipe flame. 

bb. But where the color of the solution indicates chro- 142 
mium, the examination of the residue insoluble in solution 

of soda is more complicated, since it may in that case con- 

tain also oxide of zinc, possibly even the whole quantity 

present of this metal ($ 112). Dissolve the precipitate 

therefore in hydrochloric acid, evaporate the solution to a 

small residue, dilute, nearly neutralize the free acid with 

carbonate of soda, add carbonate of baryta in slight 
excess, allow to digest in the cold until the fluid has 
become colorless, filter, and test the precipitate for CHRO- 

MIUM, by fusion with carbonate of soda and chlorate of 

potassa (8 102, 8). Remove the baryta from the filtrate, 

by precipitating with some sulphuric acid, filter, evaporate 

to a small residue, add concentrated solution of potassa 

or soda in excess, and test the filtrate for zınc with 

hydrosulphurie acid, the preeipitate, if any, for MAN- 

GANESE as in aa. 

b. Ir 1s noT wHITE: this indicates chromium, manganese, 143 
iron, cobalt, or nickel. If it is black, or inclines to black, 
one of the three metals last-mentioned is present. Under 
any circumstances all the oxides of Groups IlI. and IV. must 
be looked for. 

Remove the washed precipitate from the filter with a spatula, 
or by rinsing it with the aid of a washing-bottle through a 
hole made ın the bottom of the filter, into a test-tube, and 
pour over it rather dilute cold hydrochlorie acid (1 part of hy- 
drochloric acid sp. gr. 1'12 with about 5 parts of water) in 
moderate excess. 

a. It dissolves completely (except perhaps a little sulphur 144 
which may separate) ; absence of cobalt and nickel, at least 
. of notable quantities of these two metals. 

Boil until the hydrosulphurie acid is completely expelled, 
add nitric acid, boil, filter if particles of sulphur are sus- 
pended in the fluid, concentrate by evaporation to a small 
residue, add concentrated solution of potassa or soda in 
excess, boil, filter the fluid from the insoluble precipitate 
which is sure to remain, wash the latter, and proceed first 
to examine the filtrate, then the precipitate. 

* It is of course assumed that the soda or potassa used is free from alumina and 
silieie acid. In the contrary case you may make a counter experiment with a similar 
quantity of the alkali alone; if you obtain a very much smaller precipitate now than 
Ba ne in the analysis you may conclude that alumina is actually present in the 
substance, 
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aa. Test a small portion of the ‚fltrate with hydro- 
sulphuric acid for zınc; acidify the remainder with 
krdmchloite acid, then test with ammonia for ALUMINA. 

Compare 140. 

bb. Dissolve a small portion of the preeipitate in hydro- 
chlorie acid and test with ferrocyanide of potassium 
added drop by drop, or with sulphocyanide of potassium 
- for ıron.* Test another portion for cnromıum by 
fusine with carbonate of soda and chlorate of potassa, 
and boiling the fusion with water ($102, 8).+ If no 
chromium has been found, examine the remainder for 

MANGANESE, by carbonate of soda in the oxidizing flame. 

If chromium is present, on the other hand, test the 

remainder of the precipitate for manganese and zinc as 

directed 143. (Under these eircumstances the whole of 
the zinc may be present in this precipitate.) 

ß. The preeipitate is not completely dissolved, a black residue 
being left. This indicates CoBALT and nıcker. This indi- 
cation is not certain, especially in the presence of much 
sulphide of iron, particles of which may become enveloped in 
the separated sulphur and thus be protected from the action 
of the hydrochlorie acid. Filter, wash, and examine the 
filtrate according to 144. Heat the precipitate with the 
filter in a porcelain erucible till the filter is ineinerated, 
allow to cool, warm with hydrochlorie acid and a drop or 
two of nitric acid, add water, then ammonia in moderate 
excess, and filter. 

The ammoniacal filtrate will be blue in presence of much 
nickel, brownish in the presence of much cobalt, and will 
have a less distinet mixed color if both metals are present. 
Test a portion of it with sulphide of ammonium. If a black 
preeipitate is formed, which does not redissolve on acidifying 
with hydrochlorie acid, the presence of cobalt or nickel ıs 
proved. 

In that case evaporate the rest of the ammoniacal solution 
to dryness, drive off the ammonia salts by gentle ignition, 
and proceed with the resilue as follows :— 

aa. Test a small portion of it with borax, first in the 
outer, then in the inner blowpipe-flame. If the bead in 
the oxidizing flame is violet whilst hot, and of a pale 
reddish-brown when cold, and turns in the redueing 
flame gray and turbid, NICKEL is present; but if the 
color of the bead is blue in both flames, and whether 
hot or cold, coBaLr is present. As in the latter case 
the presence of nickel cannot be distinctly recognised, 
examine 
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* Since Prussian blue dissolves in ferrocyanide of potassium to a colorless fluid, 
small quantities of iron may easily be overlooked if the ferroeyanide is added rapidly 
in large quantity. Ifiron is found, the original solution must be tested with fern- 
cyanide of potassium and sulphocyanide of potassium to see in what state of oxidation 
it is actually present. 

+ If the solution is green from the presence of manganate of soda, heat it with a 
few drops of alcohol and filter off the peroxide of manganese formed. 
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bb. te remainder of the residue by dissolving it in 149 
hydrochlorie acid and a little nitric acid, evaporating 
nearly to dryness, and adding nitrite of potassa and, 
lastly, acetic acid ($ 109, 14). If a yellow precipitate 
forms, after standing for some time at a gentle heat, this 
confirms the presence of cosaLr. Filter after about 
twelve hours, and test the filtrate with solution of soda 
for NICKEL. 


2. DETECTION OF THE BASES OF GROUPS III. Ann IV. ın 150 
CASES WHERE PHOSPHATES, BORATES, OXALATES, SILICATES (IN 
THE PRESENCE OF ORGANIC MATTER, POSSIBLY ALSO TARTRATES 
AND CITRATES,)OF THE ALKALINE EARTHS, FLUORIDES OF THE 
METALS OF THE ALKALINE EARTHS, OR HYDRATE OF SILICIC 
ACID, MAY POSSIBLY HAVE BEEN THROWN DOWN WITH THESE 
BASES, (.e., in cases where the original solution was acid or alkaline, 
and a preeipitate was produced by ammonia in the preliminary 
examination of 134. 

Mix the Nuid mentioned in 134 with some chloride of ammo- 
nium, then with ammonia just to alkaline reaction, lastly with 
sulphide of ammonium until the fluid, after being shaken, smells 
distinetly of the reagent; shake the mixture until the preeipitate 
begins to separate in Hakes, heat gently for some time, and filter. 

Keep the FILTRATE, which may contain bases of Groups 11. and 
I., for subsequent examination according to $ 195. Waslı the 
PRECIPITATE with water to which a very little sulphide of ammo- 
nium has been added, then proceed with it as directed 152. To 
give a clear notion of the obstacles to be overcome in this analyti- 
cal process, I must remind you that it is necessary to examine the 
precipitate for the following bodies: Iron, nickel, cobalt (these 
show their presence to a certain extent by the black or blackish color 
of the precipitate), manganese, zinc, sesquioxide of chromium (the 
latter generally reveals its presence by tlie color of the solution), 
alumina; baryta, strontia, lime, magnesia, which latter substances 
may have fallen down in combination with phosphoric acid, boracie 
acid, oxalic acid, silieic acid, in form of fluorides, or in combination 
with sesquioxide of chromium. Besides these bodies, hydrate of 
silicie acid, and free sulphur may be present. (In the presence of 
organic substances, tartrates and citrates of alkaline earths may 
be also present.) 

As the original substance must be afterwards examined for all 151 
acids that might possibly be present, it is not indispensable to test 
for the above enumerated acids at this stage; still, as it is often 
interesting to detect these acids at once, especially in cases where 
a somewhat large proportion of some alkaline earth has been 
found in this precipitate, a method for the detection of the acids 
in question will be found appended by way of supplement to the 
method for the detection of the bases. 

As soon as the washing is finished, remove the preeipitate from 15% 
the filter with a small spatula, or with the washing bottle, and 
pour over it cold dilute hydrochlorie acid (1 part of hydrochlorie 
acid sp. gr. 1’12, witlı about 5 parts of water) in moderate excess, 

a. A RESIDUE REMAINS. Filter, and treat the filtrate as153 
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directed 154. The residue, if it is black, may contain sul- 
phide of nickel and sulphide of cobalt and, besides these, 
sulphur and silieie acid, possibly also Aluoride of calcium, 
(which is rather dificultly soluble). Wash, and examine a 
sample of it with phosphate of soda and ammonia before the 
blowpipe, in the outer flame. If a silica skeleton remains un- 
dissolved ($ 150, 8), this proves the presence of SILICIC ACID; 
the color of the bead will generally at once indicate COBALT 
or NICKEL, compare 148. Incinerate the rest of the preci- 
pitate and test it first for FLUORINE, by heating with sul- 
phuriec acid ($ 146, 5). If fluorine is present, on treating the 
residue with a little water, and adding an equal volume of 
alcohol, sulphate of Lıme will remain behind. Finally, if 
the color of the microcosmic bead has been ambiguous, remove 
the alcohol from the sulphuric acid solution by evaporation (if 
necessary), preeipitate the traces of iron generally present 
by ammonia, and test for nickel and cobalt as in 147 to 150. 

b. No RESIDUE IS LEFT (except a little sulphur, whose 154 
purity is to be proved by washing, drying, and burning) : 
absence of nickel and cobalt, at least in any notable pro- 
portion. 

Boil the solution until the sulphuretted hydrogen is ex- 
pelled, filter if necessary, and then proceed as follows: 

a. Mix a small portion of the solution with dilute sul- 155 
phuric acid. If a precipitate forms, this may consist of 
sulphates of BARYTA and stronTT1a, possibly also of sulphate 
of lime. Filter, wash the precipitate, and examine it either 
by the coloration of flame (see $ 99, at end), or decompose 
it by boiling or fusing with carbonated alkali, wash the 
carbonates produced, dissolve them in hydrochloric acid, 
evaporate to dryness, take up with water, and test the 
solution as directed 164. Mix the fluid which has not 
been precipitated by dilute Er ae acid, or the fluid 
filtered from the preeipitate produced, with 3 volumes of 
spirit of wine. If a precipitate forms, this consists of 
sulphate of Lımz. Filter, dissolve in water, and add oxa- 
late of ammonia to confirm the presence of lime. 

8. Heat a somewhat larger sample with some nitrie 156 
acid, and test a small portion of the fHuid with ferrocyanide 
of potassium added drop by drop, or with sulphocyanide of 
potassium for IRON ;* mix the remainder with sesquichlo- 
ride of iront in sufhicient quantity to make a drop of fluid 
give a yellowish preeipitate when mixed on a watch-glass 
with a drop of ammonia, evaporate on a water-bath to a 
small bulk, add some water, then a few drops of carbonate 
of soda, just sufhicient to nearly neutralize the free acid, and 
lastly carbonate of baryta in slight excess, stir, and allow 
to stand in the cold until the Aid above the precipitate 

* Whetherthe iron was present as sesquioxide or as protoxide, must be ascertained 
by testing the original solution in hydrochlorie acid with ferrieyanide of potassium 
and sulphocyanide of potassium, 


+ The addition of sesquichloride of iron is necessary, to effect the separation of 
phosphoric acid and silieie acid which may be present. 
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has become colorless. Filter the precipitate (aa) from the 
solution (bb), and wash. 
aa. Boil the preeipitate for some time with solution 0f157 
soda, filter, and test the filtrate for aLumınA,* by acidi- 
fying with hydrochlorie acid, adding ammonia to alkaline 
reaction and boiling. T'he part of the precipitate insolu- 
ble in solution of soda is examined for cHRoMmIUm, by 
fusion with chlorate of potassa and carbonate of soda 
($ 102, 8). 
bb. Mix the solution first with a few drops of hydro- 
chlorie acid, boil to expel the whole of the earbonic acid, 
then add some ammonia and sulphide of ammonium. 

aa. No precipitate forms: absence of manganese and 158 
zinc.. Mix the solution containing chloride of barium 
with dilute sulphuric acid in slight excess, boil, filter, 
supersaturate with ammonia, and mix with oxalate of 
ammonia. If a precipitate of oxalate of lime forms, 
filter, and test the filtrate with phosphate of soda for 
MAGNESIA. 

BB. A precipitate ‚forms. Filter, and proceed with 159 
the filtrate according to 158. The preeipitate may 
contain sulphide of manganese, sulphide of zine, traces 
of sulphide of cobalt and sulphide of nickel; and also 
(in the presence of tartrates and eitrates of the alkaline 
earths) sulphide of iron. Wash it and test for mAn- 
GANESE, ZINC, COBALT, and NICKEL, according to 
143—150 (if the last two metals have not been found 
in 153). 

y. If you have found alkaline earths in a and ß, and wish 160 
to know the acids in combination with which they have 
passed into the precipitate produced by sulphide of ammo- 
nium, this may be ascertained by making the following 
experiments with the remainder of the hydrochlorie acid 
solution of the sulphide of ammonium precipitate. 

aa. Evaporate a small portion in a dish or watch- 161 
glass on the water-bathı to complete dryness, then treat 
with hydrochlorie acid. If there was any sıLıcıc 

ACID in the solution, this will be left undissolved. 

‚Evaporate the solution with nitrice acid and test it for 

PHOSPHORIC ACID, by means of molybdic acid ($ 142,10). 

bb. Concentrate another portion by evaporation, mix 

it with carbonate of soda in ewcess, boil for some time, 

filter, and examine one portion of the filtrate for oxALıc 

ACID, by acidifying with acetic acid and adding solution 

of sulphate of lime; another portion for BORACIC AcıD, 
by slightly acidifying with hydrochlorie acid, and testing 


* If the solution or the soda contains silicie acid, the precipitate taken for alumina 
may also contain silicic acid. A simple trial with phosphate of soda and ammonia, on& 
platinum wire, in the blowpipe flame, will show whether the precipitate really con- 
tains silicie acid. Should this be the case, ignite the remainder of the supposed 
alumina precipitate on the lid of a platinum crucible, add some acid sulphate of 
potassa, fuse and treat with bydrochloric acid, which will dissolve the alumina, leaving 
the silieic acid undissolved; precipitate the alumina from the solution by ammonia. 
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with turmeric-paper ($ 144 and $ 145). (In the pre- 
sence of organic matter the rest of the filtrate may be 
used for testing for TARTARIC and CITRIC ACIDS, 
compare 198.) 

cc. Precipitate the remainder with ammonia, filter, 162 
wash and dry the precipitate, and examine it for 
FLUORINE according to $ 146, 5. 


$ 196.* 


(Separation and Detection of the Oxides af Group II. which are pre- 
cipitated by Carbonate of Ammonia in Presence of Chloride of Am- 
monium, viz., Baryta, Strontia, Lime.) 


To A SMALL PORTION OF THE FLUID IN WHICH AMMONIA 
AND SULPHIDE OF AMMONIUM HAVE FAILED TO PRODUCE A 
PRECIPITATE (135), OR OF THE FLUID FILTERED FROM THE 
PRECIPITATE FORMED, ADD CHLORIDE OF AMMONIUM, IF THE 
SOLUTION CONTAINS NO AMMONIACAL SALT, THEN CARBONATE 
OF AMMONIA AND SOME CAUSTIC AMMONIA, AND HEAT FOR 
SOME TIME VERY GENTLY (not to boiling‘). 

1. No PRECIPITATE FORMS: absence of any notable quantity 163 
of baryta, strontia, and lime. Traces of these alkaline earths may, 
however, be present; to detect them proceed as follows. Add to 
another portion of the fluid some sulphate of ammonia (prepared 
by supersaturating dilute sulphurie acid with ammonia); if the 
fluid becomes turbid, it contains traces of baryta. Add to a third 

ortion some oxalate of ammonia and allow it to stand; if the 
Auid turns turbid, traces of lime are present. Treat the remainder 
of the fluid as directed $ 196, after having previously removed the 
traces of lime and baryta which may have been found, by means 
of the reagents that have served to effect their detection. 

2. A PRECIPITATE IS FORMED. Presence of LIME, BARYTA, 164 
or STRONTIA. Treat the whole fluid of which a portion has been 
tested with ammonia, and carbonate of ammonia, the same as the 
sample, filter off the precipitate formed, after gently heating, and 
test portions of the filtrate with sulphate and oxalate of ammonia 
for traces of lime and baryta, which it may possibly still contain ; 
remove such traces, should they be found, by means of the said 
reagents, and examine the fluid, thus perfectly freed from baryta, 
strontia, and lime, for magnesia, according to $ 196. Wash the 
precipitate produced by carbonate of ammonia, dissolve it in the 
least possible amount of dilute hydrochloric acid, evaporate to dry- 
ness on the water-bath, take up the residue with a little water, 
and add to a small portion of the fluid a suficient quantity of solu- 
tion of sulphate of lime. 

a. No preeipitate is formed, EVEN AFTER THE LAPSE OF 
SOME TIME. Absence of baryta and strontia ;t presence of 
LIME. To confirm mix another sample with oxalate of am- 
monia. 


* Compare the notes in the Third Section. 


‘+ Very minute traces of strontia cannot be detected in this way, as the sulph 
of strontia is not absolutely insoluble. See $ 99. 2 Tune 
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b. A preeipitate is formed by solution of sulphate of lime. 

a. It is formed immediately; this indicates BARYTA. 160 
Besides this, strontia and lime may also be present. 

Evaporate the remainder of the hydrochloric acid solu- 
tion of the precipitate produced by carbonate of ammonia to 
dryness, dieest the residue with strong alcohol, decant the 
fluid from the undissolved chloride of barium, dilute with 
an equal volume of water, mix with a few drops of hydro- 
fluosilicie acid— which will throw down the small portion 
of baryta that had dissolved in form of chloride of barium— 
allow to stand for some time; filter, and mix the filtrate 
with dilute sulphurice acid. 'The formation of a precipitate 
indieates the presence of strontia or lime, or of both. 
Filter after some time, and test the precipitate according to 
p. 97 for strontıA and Lıme. The separation by boil- 
in® the sulphates with sulphate of ammonia suflices for 
ordinary cases; but in very delicate analyses the nitrates 
must be treated with alcohol and ether, and the residue ex- 
amined in the spectroscope. 

ß. It is formed only after some time. Absence of baryta, 166 
presence of strontıA. Mix the remainder of the aqueous 
solution of the chlorides with a suflicient amount of concen- 
trated solution of sulphate of ammonia, and boil for some 
time, renewing the water as it evaporates, and adding am- 
monia to keep the fluidalkaline. Then filter off the sul- 
phate of strontia, and test the filtrate for LIME, with oxa- 
late of ammonia. 


& 196. 


(Examination for Magnesia.) 


To A PORTION OF THE FLUID IN WHICH CARBONATE, SUL- 
PHATE, AND OXALATE OF AMMONIA HAVE FAILED TO PRO- 
DUCE A PRECIPITATE (163) OR OF THE FLUID FILTERED 
FROM THE PRECIPITATES FORMED (164), ADD AMMONIA, 
THEN SOME PHOSPHATE OF SODA, AND, SHOULD A PRECIPI- 
TATE NOT AT ONCE FORM, RUB THE INNER SIDES OF THE 
TEST TUBE WITH A ROD, AND LET THE MIXTURE STAND FOR 
SOME TIME. 

1. No PRECIPITATE IS FORMED: absence of magnesia. Eva- 167 
porate another portion of the fluid to dryness (preferably in 
the lid of a platinum crucible), and ignite gently. Ifa residue 
remains, treat the remainder of the fluid the same as the sample, 
and examine the residue, which by the moderate ignition to which 
it has been subjected has been freed from ammonia, for potassa 
and soda, according to $ 197. If no residue is left, this is a proof 
of the absence of the fixed alkalies; pass on at once to $ 198. 

2. A CRYSTALLINE PRECIPITATE IS FORMED: presence of 168 
MAGNESIA.* As testing for alkalies can proceed with certainty 


* Phosphate of magnesia and ammonia is invariably crystalline ; if phosphate of 
soda produces a slight flocculent precipitate, you are therefore not justified in con- 
cluding that magnesia is present. The slight floceulent precipitate, which is here 
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only after the removal of magnesia, evaporate the remainder of 
the fluid to dryness, and ignite until all ammoniacal salts are re- 
moved. Warm the residue with some water, add baryta-water 
(prepared from the erystals)* as long as a precipitate continues to 
form, boil, filter, add to the filtrate a mixture of carbonate of am- 
monia with ammonia in slight excess, heat for some time gently, 
filter, evaporate the filtrate to dryness, with addition of some 
chloride of ammonium (to convert into chlorides the caustic 
alkalies or alkaline carbonates that may happen to form), ignite 
gently, dissolve in a little water, precipitate if necessary once more 
with ammonia and carbonate of ammonia, filter, evaporate again, 
and if a residue remains, ignite this gently, and examine it accord- 
ing to $ 197. 


s 197. 


(Examination for Potassa and Soda.) 


YoU HAVE NOW TO EXAMINE FOR POTASSA AND SODA THE 
GENTLY IGNITED RESIDUE, FREE FROM SALTS OF AMMONIA 
AND ALKALINE EARTHS, WHICH HAS BEEN OBTAINED IN 167 
or 168. Dissolve it in a little water, filter if necessary, evapo- 
rate until there is only a small quantity of fluid left, and transfer 
one-half of this to a watch-glass, leaving the other half in the 
porcelain dish. 

1. To the one-half in the porcelain dish add, after cooling, 169 
a few drops of Dichloride of platinum. If a yellow erystalline pre- 
cipitate forms immediately, or after some time, POTASSA is pre- 
sent. Should no precipitate form, evaporate to dryness at a gentle 
heat, and treat the residue with a very small quantity of water, 
or, if chlorides alone are present, with a mixture of water and 
alcohol, when the presence of minute traces of potassa will be re- 
vealed by a small quantity of a heavy yellow powder being left 
undissolved ($ 89, 3). In the presence of an iodide the deep 
brown color of the Huid interferes with the detection of potassa 
by bichloride of platinum ; under these circumstances test with 
acid tartrate of soda instead. 

2. To the other half of the fluid (in the watch-glass) add some 170 
antimonate of potassa. If this produces at once or after some time 
a erystalline preeipitate, sopA is present. If, after standing 
twelve hours, no erystals separate, you may conclude that soda is 
absent. In regard to the erystalline form of the precipitate, and 
the precautionary rules, see $ 90, 2. 


sometimes obtained, consists of phosphate of alumina. You get it when alumina is 
contained in the original substance, and you use too large an excess of ammonia in 
precipitating the third and fourth groups. Its production depends upon the fact 
that phosphate of alumina is far less soluble in ammonia than the hydrate. Phosphate 
of alumina differs also from phosphate of ammonia and magnesia by its insolubility 
in acetic acid. If you want to test the precipitate in this manner, it should first be 
filtered off. From the acetic acid solution of phosphate of magnesia and ammonia 
ammonia would throw down the pure salt. y 

* Or thin milk oflime, freed from every trace of alkali by repeated extraction with 
water, Addittothe warm fluid with stirring till turmeric-paper is strongly affected, 
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$ 198. 


(Examination for Ammonia.) 


THERE REMAINS STILL THE EXAMINATION FOR AMMoNIA. 171 
Triturate some of the substance with an excess of hydrate of lime, 
and, if necessary, a little water. If the escaping gas smells of 
ammonia, if it blues moist red litmus-paper, and forms white fumes 
with hydrochlorie acid vapours, brought into contact with it by 
means of a glass rod, AMMONIA is present. The reaction is the 
most sensitive if the trituration is made in a small beaker, and the 
latter covered with a glass plate with a slip of moist turmeric or 
red litmus-paper adhering to the under-side. 


Complex Compounds. 


A,1. SUBSTANCES SOLUBLE IN WATER. 
DETECTION OF ACIDS.* 


I. Inthe Absence of Orgamie Acids. 


s 199. 


Consider, in the first place, which are the acids that form with 
the bases found compounds soluble in water, and let this guide you 
in the examination. To students the table given in Appendix IV. 
will prove of considerable assistance. The following plan of ex- 
amination works best when the acids are combined exclusively with 
alkalies or alkaline earths, it is therefore sometimes advisable to 
preeipitate any heavy metals present by sulphuretted hydrogen or 
sulphide of ammonium before proceeding. "The sulphides should 
be filtered off and the excess of sulphuretted hydrogen removed 
by boiling, or of sulphide of ammonium by acidifying with hydro- 
chlorie acid, boiling and filtering off the sulphur. It must not be 
foreotten that sulphur, hydrochlorie acid, chromic acid and chlorie 
so cannot be looked for in this Auid, and also that the results of 
the testing for sulphuric and nitrie acids will not be so trust- 
worthy. 

1. THE ACIDS OF ARSENIC, CARBONIC ACID, SULPHUR com- 172 
bined with metals or hydrogen, CHROMIC ACID, and SILICIC ACID 
will have been usually detected in the examination for bases, see 
20, 67, & 68. Chromic acid is also easily recognised by the yel- 
low or reddish yellow color of the solution. If in doubt, test for 
it with acetate of lead and acetic acid ($ 138, 8) or—for very mi- 
nute quantities— with decoction of logwood ($ 138, 12). 

2, Add to a portion of the solution chloride of barium or, if 
lead, silver, or suboxide of mercury are present, nitrate of baryta, 
and, should the reaction of the fluid be acid, add ammonia to neu- 
‚tral or sliehtly alkaline reaction. 

a. NO PRECIPITATE IS FORMED: absence of sulphurie 173 
acid, phosphoric acid, chromie acid, silicie acid, oxalic acid, 





* Consult also the explanations in the Third Section. 
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arsenious and arsenic acids, as well as of notable quantities 
of boracie acid and hydrofluoric acid.* Pass on to 175. 

b. A PRECIPITATE IS FORMED. Dilute the fluid, and add 174 
hydrochlorie acid or, as the case may be, nitric acid; if the 
preeipitate does not redissolve, or at least not completely, 
SULPHURIC ACID is present. 

3. Add nitrate of silver to a portion of the solution. If this 175 

fails to produce a precipitate, test the reaction, and if acid, add to 
tlıe Huid some dilute ammonia, taking care to add the reagent so 
gently and cautiously that the two fluids do not intermix ; if the 
reaction is alkaline, on the other hand, add with the same care 
some dilute nitrie acid instead of ammonia, and watch attentively 
whether a precipitate or a cloud will form at the junction of the 
two fluids. 

a. NO PRECIPITATE IS FORMED AT THE JUNCTION OF 176 
THE TWO FLUIDS, EITHER IMMEDIATELY OR AFTER SOME 
TIME. Pass on to 181; there is neither chlorine, bromine, 
iodine, cyanogen,t ferro- and ferrieyanogen, nor sulphur pre- 
sent; nor phosphoric acid, arsenic acid, arsenious acid, chro- 
mic acid, silicie acid, oxalic acid; nor boracic acid, if the 
solution was not too dilute. 

b. A PRECIPITATE IS FORMED. ÖObserve the colourf of it, 177 
then add nitric acid, and shake the mixture. 

a. The preeipitate dissolves eompletely : absence of chlo- 
rine, bromine, iodine, cyanogen, ferro- and ferricyanogen, 
and also of sulphur. Pass on to 181. 

ß. A residue is left: chlorine, bromine, iodine, cyano- 178 
gen, ferro- or ferrieyanogen may be present; and if the 
residue is black or blackish, HYDROSULPHURIC ACID or 
a soluble METALLIC SULPHIDE. The presence of sulphur 
may, if necessary, be readily confirmed, by mixing: another 
portion of the solution with sulphate of copper, or with 
a solution of oxide of lead in soda. 

aa. Test another portion ofthe fluid for IODINE and sub- 
sequently for BROMINE, by the methods described in $ 157. 

bb. Test a small portion of the AHuid with sesqui- 179 
chloride of iron for FERROCYANOGEN;; and, if the color of 

the silver precipitate leads you to suspect the presence of 

FERRICYANOGEN, test another portion for this latter sub- 

stance with sulphate of iron (freshly prepared, by warm- 

ing wire with dilute sulphuric acıd). If the original 

solution has an alkaline reaction, some hydrochlorie acid 

must be added before the addition of the sesquichloride of 
iron, or of the sulphate of iron. 


* If the solution contains an ammoniacal salt in somewhat considerable proportion, 
the non-formation of a preeipitate cannot be considered a conclusive proof of tbe 
absence of these acids, since the baryta salts of most of them (not the sulphate) are in 
presence of ammoniacal salts more or less soluble in water. 

+ That the eyanogen in cyanide of mercury is not indicated by nitrate of silver has 
been mentioned (73). 

+ Chloride, bromide, cyanide, ferrocyanide, oxalate, silicate, and borate of silver 
are white ; iodide, tribasic phosphate, and arsenite of silver are yellow ; arsenate and 
ferricyanide of silver are brownish-red ; chromate of silver is purple-red ; sulphide of 
silver black. 


I. 7 
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ce. ÜYANoGEn, if present in form of a simple cyanide 
of an alkali metal soluble in water, may usually be 
readily recognised by the smell of hydrocyanic acid 
which the substance emits, and which is rendered more 
strongly a by addition of a little dilute sul- 
phuric acid. If ferrocyanogen and ferrieyanogen are 
absent, cyanogen may be detected by the method given in 
8155, 6. If they are present see $ 220. 

dd. Should bromine, iodine, eyanogen, ferrocyanogen, 180 
ferrieyanogen, and sulphur not be present, the precipi- 
tate which nitric acid has failed to dissolve consists of 
CHLORIDE of silver. 

But where one or other of these bodies is present, a 
special examination for chlorine may become necessary, 
particularly when the quantity of the precipitate does 
not afford a deeided indication.* See & 157. 

4. Cutorıc Acın is known by the yellow color produced 181 
when a little of the solid substance is brought into contact with 
concentrated sulphuric acid in a watch glass ($ 160). 

5. Nirric Aacıp is tested for with sulphate of iron and sul- 
phurie acid (8159). The presence of certain other acids (chlorie, 
chromic, hydriodie) impedes this reaction. If such acids are present 
they must be destroyed or removed. Chloric acid is destroyed by 
ienition (8161, at the end), chromie acid is reduced by sulphurous 
acid, the sesquioxide of chromium being precipitated afterwards with 
ammonia; hydriodic acid is removed by sulphate of silver. 


You have still to test for phosphorie acid, boracie acid, silicie 
acidand oxalic acid, as well as for hydrofluorie acid. 

For the first four acids test only in cases where both chloride 
sf barium and nitrate of silver have produced preeipitates in neu- 
tral solutions. Compare also foot note to 173. 

6. Test for PHOSPHORIG AcıD, by adding to a portion of the 182 
Auid ammonia in excess, then chloride of ammonium and sulphate 
of magnesia ($142, 7). Very minute quantities of phosphorie 
acid are detected most readily by means of molybdie acid ($ 142, 
10). Arsenic acid, if present, must be first separated by sulphu- 
retted hydrogen, the solution being acidified and kept at 70° during 
the passage of the gas. 

7. To deteet oxALIC Acıp and HYDROFLUORIC ACID, add 
chloride of caleium to a fresh portion of the solution. If the re- 
action ofthe Auid is acid, add ammonia to alkaline reaction. If 
the chloride of calecium produces a precipitate which is not re- 
dissolved by addition of acetic acid, one or both bodies are present. 
Examine now a sample of the original substance for fluorine accord- 
ing: to $ 146, 5, another sample for oxalic acid according t0o$ 145, 7. 

8. Acidulate a portion of the fluid slightly with hydrochlorie 183 
acid, then test for BORACIC ACID, by means ofturmeric paper ($ 144, 
6). Chlorie, chromie, and hydriodie acids impede the reaction. 
If present, they must be removed or destroyed as directed 181. 


* Supposing, for instance, the solution of nitrate of silver to have produced a 
copious preeipitate insoluble in nitrie acid, and the subsequent examination to have 
shown mere traces of iodine and bromine, the presence of chlorine may be held to be 
demonstrated, without requiring additional proof. 
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9. Should stLıcıc Acın not yet have been found in the course 
of testing for the bases, acidulate a portion ofthe Auid with hydro- 
chlorie acid, evaporate to dryness, and treat the residue with 
hydrochloric acid ($ 150, 2). 


Complex Compounds. 


A, 1. SUBSTANCES SOLUBLE IN WATER. 
DETECTION OF ACIDS. 
II. In Presence of Organie Acids. 


8 200. 


l. The examination for the INORGANIC AcıDs, including 184 
oxalic acid, is made in the manner described $ 199. As the tar- 
trates and citrates of baryta and silver are insoluble, or at least 
dificultly soluble in water, tartaric acid and eitrie acid can be pre- 
sent only in cases where both chloride of barium and nitmte of 
silver have produced precipitates in the neutral fluid; still, in 
drawing a conclusion, you must bear in mind that these salts are 
slightly soluble in solutions of salts of ammonia. 

Before you commence testing for the ORGANIC AcıDs, you 
must remove all the bases of Groups III.—VI., as described in 
the beginning of $ 184, since they might interfere. 

2. Make a portion of the fluid feebly alkaline with ammonia, 185 
add some chloride of ammonium, then a suflicient quantity of 
chloride of caleium, shake vigorously, and let the mixture stand 
from ten to twenty minutes. 

a. NO PRECIPITATE IS FORMED, EVEN AFTER THE LAPSE 
OF SOME TIME. Absence of tartaric acid; pass on to 186. 

b. A PRECIPITATE IS FORMED, IMMEDIATELY, OR AFTER 
SOME TIME. Filter, and keep the filtrate for further ex- 
amination according to 186. Wash the precipitate, digest 
and shake it with solution of soda, without applying heat, 
then dilute with a little water, filter, and boil the filtrate 
some time. If a precipitate separates, TARTARIG ACID is 
indicated. Filter hot, and test the precipitate with ammonia 
and nitrate of silver ($ 163, 8). 

3. Mix the fluid in which chloride of calcium has failed to 186 
produce a precipitate, or that which has been filtered from the 
preeipitate formed—in which.latter case some more chloride of 
calcium is to be added— with 3 measures of alcohol. 

a. NO PRECIPITATE IS FORMED. Absence ofcitrie, malic 187 
and succinic acids. Pass on to 190. 

b. A PRECIPITATE IS FORMED. Filter and treat the fil- 188 
trate as directed 190. Treat the precipitate as follows :— 

Wash with alcohol, dissolve on the filter in a little 
dilute hydrochloric acid, add ammonia to the filtrate to 
alkaline reaction, and boil for some time. 

a. IT REMAINS CLEAR. Absence of eitrie acid. Add 
more alcohol, filter off the precipitate, which may contain 
malate and suceinate of lime, wash it a little witli aleoho] 
dissolve in a porcelain dish, in a sufficient quantity of 


19 
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strong nitrie acid, and evaporate to dryness on the water- 
bath. Suceinic acid will remain unchanged, malie acid is 
converted into oxalic acid with evolution of carbonie acid. 
Boil the residue with excess of solution of carbonate of 
soda, filter, neutralize exactly with hydrochloric acid, heat 
to remove carbonic acid, and mix a small portion of the 
fluid with solution of sulphate of lime. Ifa white precipi- 
tate is formed of oxalate of lime, maLıc Acıp is indicated. 
If malic acid is indicated prepare some more of the lime 
preeipitate, and confirm by testing it according to $ 166; 
also test for suceinie acid by mixing the rest of the fluid 
with excess of chloride of caleium, filtering, and adding 
alcohol to the filtrate ; a precipitate indicates SUCCINIC 
AcıD. If malie acid has not been found, test the rest of 
the neutralized fluid for succınıc Acıp with sesquichloride 
of iron ($ 168). 

8. A HEAVY WHITE PRECIPITATE 18 FORMED. Pre- 189 
sende of cırrıc AcınD. Filter boiling, and test the filtrate 
for malie and succinic acids as ina. To remove all doubt 
whether the precipitate is eitrate of lime, redissolve it in 
hydrochloric acid, heat, supersaturate again with ammonia, 
and boil; the precipitate will now be thrown down again. 
(Compare $ 164, 3.) 

4, Heat the filtrate of 188, or the Auid in which addition of 190 
alcohol has failed to produce a precipitate (187), to expel the 
alcohol, neutralize exactly with hydrochlorie acid, and add sesqui- 
chloride of iron. If this fails to produce a light brown floceulent 
preeipitate, benzoic acid is absent. Ifa preeipitate of the kind is 
formed, filter, and heat the washed precipitate with ammonia in 
excess ; filter, evaporate the filtrate nearly to dryness, and test for 
BENZOIG AcıD with hydrochloric acid ($ 169, 2). Benzoie acid 
may generally be readily detected in the original substance, by 
treating a small portion with dilute hydrochlorie acid, which will 
leave the benzoie acid undissolved; it is then filtered off and 
heated on platinum foil ($ 169, 1). 

5. Evaporate a portion of the solution to dryness—if acid, 191 
after previous saturation with soda—introduce the residue or a 
portion ofthe original dry substance into a test tube, pour some 
aleohol over it, add about an equal volume of concentrated sul- 
phuric acid, and heat to boiling. Evolution of the odor of acetie 
ether demonstrates the presence of acetıc Acıp. This odor is 
rendered more distinetly perceptible by shaking the cooling or 
cold mixture. 

6. Test for FORMIG AcıD by just acidifying a portion with 192 
hydrochloric acid (if not acid already), adding chloride of mercury 
and heating. A white turbidity from the separation of subchloride 
of mercury indicates formic acid ($ 172, 6). Confirm by nitrate of 
silver and by nitrate of suboxide of mercury ($ 172).” 


* In the presence of chromie or chlorie acid the reduction of the silver and mer- 
cury does not take place. If chromie acid is present, mix the original solution with 
sulphurie acid, add excess of oxide of lead, and shake, filter, mix the filtrate with 
excess of dilute sulphuric acid and distil. Test the distillate as above. If chlorie 
acid is present, combine the acids with oxide of lead, and treat with alcohol ; the 
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Complex Compounds. 


A,2. SUBSTANCES INSOLUBLE IN WATER, BUT SOLUBLE IN 
Hyprocarorıc Acınp, Nırrıc Acıp, OR NITRO-HYDRO- 
CHLORIC AcıD. 


DETECTION OF THE ACIDS. 


I. In Absence of Organic Acids. 
8 201. 


In the examination of these compounds attention must be 
directed to allacids, with the exception of chlorie acid. Cyanogen 
compounds and silicates are not examined by this method. (Com- 
pare $ 204 and $ 205.) 

l. CARBONIC ACID, SULPHUR (in the form of metallic sul- 193 
phides), ARSENTOUS ACID, ARSENIC ACID and CHROMIC AcıD, if 
present, have been found already in the examination for bases; nı1- 
TRIC ACID, if present, has been detected in the preliminary exami- 
nation, by the ignition in a glass tube (8). 

2. Mix a sample of the substance with 4 parts of pure carbon- 194 
ate of soda and potassa, and, should a metallic sulphide be present, 
add some nitrate of soda; fuse the mixture in a platinum crucible 
if there are no reducible metallic oxides present, in a porcelain eru- 
eible if such oxides are present ; boil the fused mass with water, and 
add a little nitric acid, leaving the reaction of the Huid, however, still 
alkaline ; heat again, filter, and proceed with the filtrate according 
to $ 199.* 

3. As the phosphates of the alkaline earths are only incom- 195 
pletely decomposed by fusion with carbonate of soda and potassa, 
it is always advisable in cases where alkaline earths are present, and 
phosphorie acid has not yet been detected, to dissolve a fresh sam- 
ple of the substance in nitric acid, and test for PHOSPHORIC ACID 
with solution of molybdie acid ($ 142, 10). In the presence of 
silieie or arsenic acid, prepare a solution with hydrochlorie acid, se- 
parate these acids, add nitric acid, evaporate nearly to dryness, 
dilute with water containing nitric acid and then test with molyb- 
date of ammonia. 

4. If in the examination for bases, alkaline earths have been 
found, it is also advisable to test a separate portion for FLUOR- 
INE, by $146, 5. 

d. That portion of the substance which has been treated as 196 
directed in 194, can be tested for sILICIC ACID only in cases where 
the fusion has been effected in a platinum crucible; when a por- 
celain crucible has been used, examine a separate portion by evapo- 
rating the hydrochloric or nitric acid solution ($ 150, 3). 

6. Examine a separate portion of the substance for oxALıc 
ACID by boiling with carbonate ofsoda, see 198. Acidify the alka- 


formate is insoluble, the chlorate soluble. If tartaric acid is present it will also be 
safer to mix the fluid with dilute sulphurie acid and distil off the formie acid. 

* In the presence of a metallic sulphide, a separate portion of it must be examined 
for sulphuric acid, by heating it with hydrochloric acid, filtering, diluting the filtrate, 
and adding chloride of barium. 
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line filtrate with acetic acid and test with solution of sulphate of lime. 
If a pulverulent preeipitate is formed, this indicates oxalic acid. 
Confirm by taking a fresh portion of the substance, removing car- 
bonie acid if necessary by dilute sulphuric acid, and then testing 
according to $ 145, 7. 


Complex Compounds. 


A,2. SUBSTANCES INSOLUBLE IN WATER, BUT SOLUBLE IN 
Hyoprockrorıc Acın, Nırrıc Acıp, OR NITRO-HYDRO- 
CHLORIC AcıD. 


DETECTION OF THE ACIDS. 
Il. In Presence of Organic Acids. 


8202, 


e Conduct the examination for INORGANIC ACIDS according to 197 
sul. 

2. Test for ACETIC AcıD as directed $ 171, 7. 

8. To a small portion of the substance in a watch glass add a 
little dilute hydrochloric acid. If aresidue remains, this should be 
tested for BENZOIC ACTD by heating. Any considerable quantity 
of this acid is most readily detected in this way, buta small quan- 
tity might completely dissolve, it is therefore necessary to recur to 
thisacid in 198. 

4. Boil a portion of the substance for a few minutes with a 198 
large excess of solution of carbonate of soda, adding some of the 
solid if the solution is not strong, and filter. You will now have 
all the organic acids in the filtrate as soda salts. Evaporate the 
filtrate to concentrate it, acidify with hydrochloric acıd, heat to 
drive off carbonic acid and proceed according to 185. If any 
heavy metals have passed into solution through the agency of 
organic acids, these must first be removed by hydrosulphurie acid 
or sulphide of ammonium. 


Complex Compounds. 


B. SUBSTANCES INSOLUBLE OR SPARINGLY SOLUBLE IN WATER, 
Hyprocaorıc Acınp, NıTRic AcıD AND NITRO-HYDRO- 
CHLORIC AcıD. 


DETECTION OF THE BASES, ACIDS, AND NON-METALLIC ELEMENTS, 


8 203.* 


To this class belong the following bodies. 199 

SULPHATE OF BARYTA, SULPHATE OF STRONTIA, and SUL- 
PHATE OF LIME.t 

SULPHATE OF LEAD{ and CHLORIDE OF LEAD. 


* Compare the notes in the Third Section. 

+ Sulphate of lime passes partially into the solution effected by water, and often 
completely into that effected by acids. i i 

+ Sulphate cf lead may pass completely into the solution effected by acids. 

$  Chloride of lead can here only be found if the precipitate insoluble in acids has 
not been thoroughly washed with hot water, 


$ 203.) COMPLEX INSOLUBLE COMPOUNDS. 279 


ÜHLORIDE OF SILVER, bromide of silver, iodide of silver, 
cyanide of silver,* ferro- and ferrieyanide of silver. 

Sırıcıc Acıp and many SILICATES, 

Native and ignited ALUMINA, and many aluminates, 

Ignited sesquioxide of chromium and CHROMIC IRON (a com- 
pound of sesquioxide of chromium and protoxide of iron). 

Ignited and native binoxide of tin (tin-stone). 

Some metaphosphates and some arsenates. 

FLVORIDE OF CALCIUM and a few other compounds of fluorine. 

SULPHUR. 

ÜARBONACEOUS MATTER. 

Of these compounds those printed in small capitals are more 
frequently met with. As the silicates perform a highly important 
part in mineral analysis, a special chapter (88 205—208) is devoted 
to them. 

The substance is in the first place subjected to the preliminary 
experiments described in «—e, unless the quantity at disposal is 
too small, when you at once pass on to 205, bearing in mind, 
however, that the substance may contain all the aforesaid bodies. 

a. Examine attentively the physical condition of the residue, 200 
to ascertain whether it is homogeneous or not, whether it is sandy 
or pulverulent, whether it has the same colour throughout, or is 
made up of variously-colored particles, &e. A microscope, or even 
a lens, will be found very useful for this purpose. 

d. Heat a small sample in a glass tube sealed at one end. 1f201 
brown fumes arise, and SULPHUR sublimes, this is of course a proof 
of the presence of that substance. 

ec. I£ the substance is black, this indicates, in most cases, the 202 
are of CARBONACEOUS MATTER (charcoal, coal, bone black, 
amp black, graphite, &e.). Heat a small sample on platinum- 
foil over the blowpipe ame; if the black substance is consumed, 
it consisted of CARBON in some shape or other. Graphite (which 
may be readily recognised by its property of communicating its 
color to the fingers, to paper, &c.) requires the aid of oxygen for its 
combustion. 

d. Heat a small sample, with a small Jump of eyanide of potas- 203 
sium and some water, for some time, filter, and test the filtrate 
with sulphide of ammonium. A brownish black preeipitate indi- 
cates SILVER. 

e. If an undissolved residue has been left in d, wash this 204 
thoroughly with water, and if white, moisten it with sulphide of 
ammonium ; if it turns black, salts of LEAD are present. It, how- 
ever, the residue left in d is black, heat it with some acetate of 
ammonia, adding a few drops of acetic acid, filter, and test the filtrate 
for LEAD, by means of sulphuric acid and hydrosulphuric aeid.} 


* Bromide, iodide, and ceyanide of silver are decomposed by boiling with nitro- 
. hydrochlorie acid, and converted into chloride of silver ; they can accordingly be found 
here only in cases where the operator has to deal with a substance which—as nitro- 
hydrochlorie acid has failed to effect its solution—is examined directly by the method 
described here. 

+ With regard to the examination of these compounds, compare also $ 204. 

& >» presence of lead in silicates, e.g. in glass, cannot be detected by this 
method, 
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The results obtained by these preliminary experiments serve as 

a guide in the following course, 

l, a. SALıs OF LEAD ARE NOT PRESENT. Pass on to 206. 205 
b. SALTS OF LEAD ARE PRESENT. Heat the substance re- 
'peatedly with a concentrated solution of acetate of ammonia 
until the salt of lead is completely dissolved out. Test a 
portion of the filtrate for CHLORINE, another for SULPHURIC 
ACID, and the remainder for LEAD, by addition of sulphurie 
acid in excess, and by hydrosulphurie acid. If acetate of 
ammonia has left a residue, wash this, and treat it as 
directed in 206. 

2, a. SALTS OF SILVER ARE NOT PRESENT. Pass on to 207. 206 
b. SALTS OF SILVER ARE PRESENT. Digest the substance 
free from lead repeatedly with cyanide of potassium and 
water, at a gentle heat (in presence of sulphur, in the cold), 
until all the salt of silverisremoved. If a residue is left, wash 
this, and proceed with it according to 307. Ofthe filtrate, 
which contains eyanide of potassium, mix the larger portion 
with sulphide of ammonium, to precipitate the silver. Wash 
the precipitated sulphide of silver, then dissolve in nitric 
acid, dilute the solution, and add hydrochloric acid, to ascer- 
tain whether the preeipitate really consisted of sulphide of 
silver. Test another small portion of the filtrate for sur- 
PHURIO AcıD,* 

‚ad. SULPHUR IS NOT PRESENT. Pass on to 208. 207 
b. SULPHUR IS PRESENT. Heat the substance free from 
silver and lead in a covered porcelain erucible until all the 
sulphur is expelled, and if a residue is left, treat this accord- 
ine to 208. 

4. Mix the substance free from silver, lead, and sulphur with 208 

2 parts of carbonate of soda, 2 parts of carbonate of potassa, and 
l part of nitrate of potassa,t heat in a platinum erucible until the 
mass is in a state of calm fusion, place the red-hot crucible on a 
thick cold iron plate, and let it cool. By this means you will 
generally succeed in removing the fused mass from the cruecible in 
acake. Soak the mass now in water, boil, filter, and wash the 
residue until chloride of barium no longer produces a preeipi- 
tate in the washings. (Add only the first washings to the 
filtrate.) 

a. The solution so obtained contains the acids which were 209 
present in the substance decomposed by fusing. But it may, 
besides these acids, contain also such bases as are soluble in 
caustic alkalies. Proceed as follows :— 

a. Test a small portion for SULPHURIC ACID. ‘ 
ß. Test another portion (after acidifying with nitric acid) 


* As the carbonate of potassa contained in the cyanide of potassium may have pro- 
duced a total or partial decomposition of sulphates of the alkaline earths. 

t Addition of nitrate of potassa is useful even in the case of white powders, as it 
counteracts the injurious action of silicate of lead, should any be present, upon the 
platinum crucible. In the case of black powders the proportion of nitrate of potassa 
must be correspondingly increased, in order that carbon, if present, may be consumed 
as completely as possible, and that any chromic iron present may be more 
thoroughly decomposed, 
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with molybdie acid for PHoSPHORIC ACID ar the fluid a 
acıD ($142, 10). If a yellow preeipitate formsuntil the 
arsenic acid with sulphuretted hydrogen and removekaline 
the same means if present, separate silieie acid if presand 
and then test again for phosphoric acid. \ 

y. Test another portion for FLUORINE ($ 146, 7). 

öd. If the solution is yellow, CHROMIC AcID is presen 
To confirm, acidify a portion of the solution with acetic 
acid, and test with acetate of lead. 

e. Acidify the remainder with hydrochlorie acid, evapo- 
rate to dryness, and treat the residue with hydrochlorie acid 
and water. If a residue is left which refuses to dissolve 
even in boiling water, this consists of sıLıcıc acın. Test 
the hydrochlorie acid solution now in the usual way for 
those bases which, being soluble in caustic alkalies, may be 
present. 

b. Dissolve the residue left in 308 in hydrochloric acid 
(eftervescence indicates the presence of alkaline eartıs—a 
residue insoluble in hydrochlorie acid would have to be ex- 
amined according to $ 130, 8, as it might be BINOXIDE OF 
TIN), and test the solution for the bases as directed in $ 190. 
(If much silicice acid has been found in 210, it is advisable to 
evaporate the solution of the residue to dryness, and to treat 
with hydrochloric acid and water, in order that the silieie acid 
remaining may also be removed as completely as possible.) 


“ 
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5. If you have found in 4 that the residue insoluble in acids 212 


contains a silicate, treat a separate portion of it according to 298, 
to ascertain whether this silicate contains alkalies. 


6. If a residue is still left undissolved upon treating the residue 213 


left in 208 with hydrochlorie acid (211) , this may consist either 
of silicic acid which has separated, or of an undecomposed portion 
of sulphate of baryta; it may, however, also be fluoride of caleium, 
and if it is dark coloured, chromie iron, as the last-named two 
compounds are only with dificulty decomposed by the method given 
in 208. As to fluoride of calcium, it may be easily decomposed by 
sulphurie acid. Chromic iron is best treated as follows :—Fuse 
12 parts of bisulphate of potassa and projeet 1 part of the finely 

owdered mineral intothe crucible, stir often and keep up the heat for 
half an hour, first gently, then raising it till the second equivalent 
of sulphuric acid is driven off. Add 6 parts of carbonate of soda, 
fuse, add gradually 6 parts of nitrate of potassa and after some 
time increase the heat, stirring diligently with a platinum wire. 
Finally allow to cool and boil with water. 


?. If the residue insoluble in acids contained silver, you have 214 


still to ascertain whether that metal was present in the original 
substance as chloride, bromide, iodide, &c., or whether it has been 
, eonverted into the form of chloride by the treatment employed to 
effect the solution of the original substance. For that purpose 
treat a portion of the original substance with boiling water until 
the soluble part is completely removed; then treat the residuary 
portion in the same way with dilute nitrie acid, wash the undis- 
solved residue with water, and test a small sample of it for silver 
according to 203. If silver is present, proceed to ascertain the salt- 
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| 
The results & |is combined ; this may easily be effected 
a guide inthe >» f the residue with rather dilute solu- 
1,8788 esting the filtrate, after acidifying it, 
I 3 Digest the washed residue now with 
vagTe rater, with addition of some sulphurie 


of ten minutes. You may now at once 
‚ bromine, iodine, and cyanogen; or 
e zine with carbonate of soda, in order 
combination with sodium, 


18% 





— 


SECTION II. 


PRACTICAL COURSE IN PARTICULAR CASES, 


I. AnaLvsıs oF CYANIDES, FERROCYANIDES, ETC., INSOLUBLE 
IN WATER, AND ALSO OF MIXED SUBSTANCES CONTAINING 
SUCH ÜOMPOUNDS,* 


8 204. 


Tue analysis of ferrocyanides, ferricyanides, &e., by the com- 215 
mon method is often attended by the mianifestation of such anoma- 
lous reactions as easily to mislead the analyst. Moreover, acids 
often fail to effect the complete solution of these compounds. 
For these reasons it is advisable to analyze them, and mixtures con- 
taining them, by the following special method :— 

1. Treat the substance with water until the soluble parts are 
entirely removed, and boil the residue with strong solution of po- 
tassa or soda; after a few minutes’ ebullition add some carbonate 
of soda, and boil again for some time; filter, should a residue re- 
main, and wash the latter. 5 

a. The residue which is now free from cyanogen, (unless 216 
the substance contains cyanide of silver,) is examined by the 
common method, beginning at 35. 

b. The solution, which, if combinations of compound cya- 217 
nogen radicals (ferrocyanogen, cobalticyanogen, &c.), are 
present, contains these combined with alkali metals, may also 
contain other acids, which have been separated from their 
bases by boiling with carbonate of soda, and lastly also, such 
oxides as are soluble in caustic alkalies. Treat it as follows— 

a. Mix the alkaline fluid with hydrosulphuric acid, to test 218 
for metals of the fourth and fifth groups.+ 
aa. No permanent precipitate is formed. Absence of zine 
and lead, Pass on to 219. 


“ 


* Compare the notes in the Third Section. 

+ You must, of course, avoid adding solution of hydrosulphurie acid, or con- 
ducting hydrosulphuric acid gas into the fluid, until the mixture smells of the reagent 
(accordingly, until all the alkali present has been converted into hydrosulphate of 
sulphide of alkali metal), since this might lead to the precipitation also of the alumina 
which may be present in the alkaline solution, and even of sulphides of metals of the 
sixth group—a precipitation which is not intended here, 
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bb. A permanent precipitate is formed. Add to the fluid a 
little yellow sulphide of sodium, drop by drop, until the 
metals ofthe fourth and fifth groups present in the alkaline 
solution are just thrown down, heat moderately, filter, and 
treat the filtrate as directed 219. Dissolve the washed 
precipitate in nitrie acid, which may leave sulphide of 
mercury behind, and examine the solution for copper and 
lead, as well as for zine and other metals of the fourtl 
group, which may, in the same way as copper, have 
passed into the alkaline solution, bythe ageney of organic 
matters. 

ß. To test the alkaline fluid, which now also contains some 
sulphide of an alkali metal, for mercury (which may be pre- 
sent, as its sulphide is soluble in sulphide of potassium) and 
for metals of the sixth group, mix with a sufficient quantity 
of water, then with dilute sulphuric acid to acid reaction, 
and if the fluid does not smell strongly of hydrosulphuric 
acid, add some more of the latter reagent. 

aa, No precipitate is formed. Absence of mercury and 
the oxides of the sixth group. Pass on to 220. 

bb. A preeipitate is formed. Filter, wash the precipitate, 
then examine it for mercury and the metals of the sixth 
group according to $ 191. 

y. The Huid, acidified with sulphuric acid, may still con- 
tain those metals which in combination with eyanogen form 
compound radicals (iron, cobalt, manganese, chromium), 
and, besides these, also alumina. You have to test it also for 
eyanogen, ferrocyanogen, cobaltieyanogen, &e., and für 
other acids. Divide it therefore into two parts, aa and bb. 

aa. Treat it according to $ 199 or, asthe case may be, 

8200 to detect the acids.* (Cobalticyanogen may be re- 

cogmised by giving a greenish precipitate with nickel salts 

and white precipitates with zine and manganese salts, 

“which may be proved to contain cobalt by means of tlıe 

borax bead.) 

bb. Evaporate it nearly to dryness, add some pure con- 
centrated sulphuric acid and heat till the free acid is for 
the most part expelled. Dissolve the residue in water and 
test the solution for iron, manganese, cobalt, alumina, 
and sesquioxide of chromium according to $ 194. 


2. Decompose another portion by continued heating with pure 
concentrated sulphuric acıd, remove all other bases and then test 
“ for alkalies. 


II. AnALYsıs OF SILICATES. 
8 205. 


Whether the substance is a silicate or contains one, is ascer- 
tained by the preliminary examination with phosphate of soda and 
ammonia before the blowpipe ; since in the process of fusion the 
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* It must be remembered that ferricyanogen may have been converted into ferro- 
cyanogen by the oxidation of certain bases, &c., thus :—Cy, Fe,„3K +KO0, HO 
+2 Fe0=2(Cy, Fe, 2K) + F&g,0,+HO0. 
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metallic oxides dissolve, whilst the separated silicie acid Aoats about 
in the liquid bead as a translucent swollen mass ($ 150, 8). 

The analysis of silicates differs, strietly speaking, from the 
common course only in so far as the preparatory treatment is con- 
cerned, which is required to separate the silicic acid from the bases, 
and to obtain the latter in solution. 

The silicates and double silicates are divided into two classes, 
which require different methods of analysis; viz., (1) silieates 
readily decomposable by acids (hydrochloric acid, nitrie acid, sul- 
phuric acid), and (2) silicates which are not, or only with difhculty, 
decomposed by acids. Many rocks consist of mixtures of the two 
classes of silicates. | 

To ascertain to which class a given silicate belongs, reduce it 
to a very fine powder, and digest a portion with hydrochlorie acid 
at a temperature near the boiling-point. If this fails to decom- , 
pose it, try another portion by long-continued heating with a mix- 
ture of three parts of concentrated sulphuric acid and 1 part of 
water. If this also fails, the silicate belongs to the second class. 
Whether decomposition has been effected by the acid or not, 
may generally be learned from external indications, as a colored 
solution forms almost invariably, and the separated gelatinous, 
flocculent, or finely-pulverulent hydrate of silicie acid takes the 
place of the original heavy powder which grated under the glass 
rod with which it was stirred. But whether the decomposition 
is complete, or extends only to one of the components ofthe rock, 
may be ascertained by boiling the separated hydrate of silieie 
acid, after washing, in a solution of carbonate of soda. If per- 
fect söfution ensues, complete decomposition has been effected ; 
if not, the decompositioh is only partial. The results of these pre- 
liminary tests will show whether the silicate should be examined 
according to $ 206, or $ 207, or $ 208. 

Before proceeding further, examine a portion of the substance 
also for water, by heating it in a glass tube. If the substance 
contains hygroscopie moisture, it must first be dried at 100° for 
a long time. Apply a gentle heat at first, but ultimately an in- 
tense heat; you may also conveniently combine with this a pre- 
liminary examination for fluorine ($ 146, 8). 


A. SILICATES DECOMPOSABLE BY AcıDs. 
$ 206. 
a. Silicates decomposable by hydrochlorie or nitrie acid.* 


1. Digest the finely pulverized silicate with hydrochloric acid at 292 

a temperature near the boiling-point, until complete decomposition 
is effected, filter off a small portion of the fluid, evaporate the re- 
mainder, together with the silicie acid suspended therein, to dry- 
ness, heat the residue at 100° (scarcely above) with constant stir- 
ring, until hardly any more hydrochloric acid fumes escape, allow 
to cool, moisten with hydrochloric acid or, as the case may be, with 
nitric acid, afterwards add a little water, and heat gently for some 
tıme. 


* Nitrie acid is preferable to hydrochloric acid where compounds uf silver or lead 
are present, 
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This operation effects the separation of the sıLrcrc Acın, and the 
solution of the bases in the form of chlorides or nitrates. Filter, wash 
the residue thoroughly, and examine the solution by the common 
method, beginning at$ 189, II. or III. The residual silicie acid must 
always be tested, asit cannot under any circumstances be considered 

ure. It frequently contains titanic acid, occasionally sulphate of 

aryta, possibly also sulphate of strontia, and often a little alumina. 
It is best tested by repeated heating in a platinum dish with 
hıydrofluoric and sulphurie acids, until all the silieic acid isremoved 
in the form of fluoride of silicon. The residue is ignited, fused 
with bisulphate of potassa and then treated with cold water. If 
anything insoluble now remains, it is filtered off and tested accord- 
ing to $ 99 for SULPHATE OF BARYTA (and strontia). The dilute 
aqueous solution is tested by long boiling for TITANIC Acıp* 
($ 104, 9), and the filtrate therefrom is tested by ammonia for 
ALUMINA. (Should there be any chance of the presence of 
chloride of silver in the silicie acid, digest a portion with ammonia, 
filter and examine the filtrate by supersaturation with nitrie acid.) 

2. Asin silicates, and more particularly in those decomposed 223 
by hydrochloric acid, there are often found other acids, as well as 
metalloids, the following observations and instructions must be 
attended to, that none of these substances may be overlooked :— 

a. CARBONATES are detected in the process of treating 
with hydrochlorice acid. SULPHIDES are often detected in 
the same operation, otherwise they are tested for according 
to $ 156, 8. > 

ß. If the separated silicic acid is black, and turns white 
upon ignition in the air, this indicates the presence of 
CARBON OT Of ORGANIC SUBSTANCES. : In presence of the 
latter, the silicates emit an empyreumatic odor upon being 
heated in the glass tube. 

y. Test the portion of the hydrochloric acid solution filtered 
off before evaporating for SULPHURIC ACID, PHOSPHORIC 
ACID, and ARSENIC Acıp—for sulphurie acid by diluting 
and adding chloride of barium; for arsenic acid by heating 
the solution to 70° and conducting sulphuretted hydrogen 
into it; for phosphorie acid by adding nitric acid, evapo- 
rating to dryness on the water-bath, warming the residue 
with nitrie acid, filtering and adding molybdate of ammonia. 
Where arsenic is found, phosphoric acid is tested for in the tluid 
filtered from the sulphide of arsenic. 

0. Boracıc AcıD is best detected by fusing a portion of 294 
the substance in a platinum spoon with carbonate of soda and 


* If the silicic acid has been separated by evaporation on the water-bath, only a 
small part of the titanie acid will be found remaining with it, the rest will pass into 
the hydrochlorıe acid solution an will be preeipitated by ammonia in conjunction with 
the sesquioxide of iron and alumina. To find this, fuse the dried precipitate with 
bisulplate of potassa, dissolve the fusion in cold water, filter if necessary, dilute con- 
siderably, pass sulphuretted hydrogen until all the sesquioxide of iron is reduced, 
and (without filtering off the sulphur) keep the fluid boiling for half an hour with a 
constant current of carbonic acid passing through it. Filter, wash and ignite ; the 
sulphur will burn off, the titanie acid will remain. Should it still contain iron, redis- 
solve it by fusion with bisulphate of potassa and treatment with cold water, and pre- 
eipitate by boiling with hyposulphite of soda. 
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potassa, boiling the fused mass with water, and testing the 
solution by $ 144, 6. 

e. With many silicates, boiling with water is suflicient to 
dissolve the CHLORIDES present, which may then be readily 
detected in the filtrate by nitrate of silver; the safest way, 
however, is to dissolve the mineral in dilute nitrie acid, and 
test the solution with nitrate of silver. 

&. FLvorıDes, which often occur in silicates in greater or 
smaller proportion, are detected by $ 146, 6. 


b. Silicates which resist the action of hydrochlorie acid, but are de- 
composed by concentrated sulphurie acid. 

Heat the finely pulverized mineral with a mixture of 3 parts 225 
of concentrated DR sulphurie acid and 1 part of water (best in a 
platinum dish), finally drive off the greater portion of the sulphurie 
acid, boil the residue with hydrochloric acid, dilute, filter, and 
treat the filtrate as directed $ 190; and the residue, which, besides 
the separated silicic acid, may contain also sulphates of the alka- 
line earths, &c., as directed $ 206,1. If you wish to examine 
silicates of this class for acids and salt radicals, treat a separate 
portion of the substance according to $ 207. 


B. SıLıcATES WHICH ARE NOT DECOMPOSED BY Acıps.* 
8207. 


As the silicates of this class are most conveniently decomposed 226 
by fusion with carbonate of soda and potassa, the portion so 
treated cannot, of course, be examined for alkalies. The analy- 
tical process is therefore divided into two principal parts, a portion 
of the mineral being examined for the silieie acid and the bases, 
with the exception of the alkalies, whilst another portion is spe- 
cially examined for the latter. The mineral must also be examined 
for other acids. 


1. Detection of the silicie acid and the bases, with the ewception of 
the alkalies. 

Reduce the mineral to a very fine powder, mix this with 4 227 
parts of carbonate of soda and potassa, and heat the mixture in a 
platinum cerucible over a gas or Berzelius spirit-lamp until the 
mass is in a state of calm fusion. Place the red-hot crucible on a 
thick cold iron plate, and let it cool there: this will generally 
enable you to remove the fused cake from the crucible, in which 
case break the mass to pieces, and keep a portion for the exami- 
nation for acids.. Put the remainder, or, if the mass still adheres 
to the crucible, the latter with its contents into a porcelain dish, 
pour water over it, add hydrochlorie acid, and heat gently until 
the mass is dissolved, with the exception of the silieie acid, which 


* It will be understood, from what has been stated $ 205, that these are not 
decomposed by heating with hydrochloric acid and sulphuric acid in open vessels; 
but by heating them, reduced to a fine powder, in a sealed glass tube, with a mixture 
of 3 parts of concentrated sulphuric acid and 1 part of water, or with hydrochloric. 
acid, to 200°— 210°, most of them are decomposed, and may accordingly be analyzed 
also in this manner (AL. MITSCHERLICH). 


$ 207.] SILICATES. 287 


separates inflakes. Remove the crucible from the dish if necessary, 
evaporate to dryness, and treat the residue as directed 222. 


2. Detection of the alkalies. 
To effect this the silicate Must be decomposed by means of 228 
a substance free from alkalies. Hydrofluorie acid or a metallie 
tluoride answers this purpose best; but fusion with hydrate of 
baryta will also answer the purpose. 
a. DECOMPOSITION BY MEANS OF A METALLIC FLUO- 
RIDE.—Mix 1 part of the very finely pulverized mineral with 
5 parts of fluoride of barium, or pure, finely pulverized 
fluoride of caleium, or with 3 parts of fluoride of ammonium, 
stir the mixture in a platinum crucible with concentrated 
sulphurie acid to a thickish paste, and heat gently for some 
time in a place where the fumes will be well carried away; 
finally heat a little more strongly, until the excess of sulphuric 
acid is completely expelled. Boil the residue with water, add 
chloride of barium cautiously as long as a precipitate continues 
to form, then baryta-water to alkaline reaction, boil, filter, 
mix with carbonate of ammonia and some ammonia as long 
as a precipitate forms, and proceed as directed 168. 
b. DECOMPOSITION BY MEANS OF HYDRATE OF BARYTA.— 2999 
Mix 1 part of the very finely pulverized substance with 4 
Pr of hydrate of baryta, expose the mixture for half an 
ıour in a platinum crucible to the strongest possible heat of a 
good Berzelius or gas-lamp, and treat the fused or agglutinated 
mass with hydrochlorie acid and water until all the bases are 
dissolved; precipitate with ammonia and carbonate of am- 
monia, filter, evaporate to dryness, ignite, dissolve the residue 
in water, add a little pure lime, boil, filter, precipitate again 
with ammonia and carbonate of ammonia, filter, evaporate, 
ignite, and test the residue for potassa and soda as directed 
8 197. 


3. Examination for fluorine, chlorine, boracie acid, phosphorie acid, 
arsenie acid, and sulphurie acid. 

Use for this purpose the portion of the fused mass reserved in 230 
227, or, if necessary, fuse a separate portion of the finely pul- 
verized substance with 4 parts of pure carbonate of soda and 
potassa until the mass flows calmly; boil the fused mass with 
water, filter the solution, which contains all the fluorine as fluoride 
of sodium, all the chlorine as chloride of sodium, all the boracie 
acid as borate, all the sulphuric acid as sulphate, all the arsenie 
acid as arsenate, and at least part of the phosphorie acid as phos- 
phate of soda, and treat as follows :— 

a. Acidify a small portion with nitrie acid, and test for 
CHLORINE with nitrate of silver. 

db. Test another portion for BoRACIC AcıD as directed 
$ 144, 6. 

c. To detect FLUORINE, treat a third portion as directed 
8146, 7. 

d. Acidify the remainder with hydrochlorie acid and test a 
small portion with chloride of barium for SULPHURIC AcıD; 
heat the remainder to 70°, and test with hydrosulphuric acid 
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for ARSENIC AcıD. If no precipitate forms, evaporate the 
fluid, if a preeipitate forms, the filtrate, with addition of nitrie 
acid, to dryness, treat the residue with nitrie acid and water, 
and examine the solution for PHOSPHORIC ACID with sulphate 
of magnesia, or with molybdate of ammonia ($ 142). 


C. SILICATES WHICH ARE PARTIALLY DECOMPOSED BY AcıDs. 
8 208. 


Most rocks are mixtures of several silicates, of which some are 231 
often decomposable by acids, others not. If such substances were 
analyzed by the same method as the absolutely insoluble silicates, 
the analyst would indeed detect all the elements present, but the 
analysis would afford no satisfactory insight into the actual com- 
position of the mineral. 

It is therefore advisable to examine separately those consti- 
tuents which show a different deportment with acids. For this 

urpose digest the very finely pulverized substance for some time 
with hydrochloric acid at a gentle heat, filter off a small portion of 
the solution, evaporate the remainder with the residue to dryness, 
heat the residue at 100° (scarcely above), with stirring, until no 
more, or very little hydrochlorie acid vapor is evolved, allow to 
cool, moisten with hydrochloric acid, heat gently with water, and 
filter. 

The filtrate contains the bases of that part of the mixed 
mineral which has been decomposed by hydrochlorie acid; 
examine this as directed 22%. Examine the portion first filtered 
off as directed 293, y. Test portions of the original substance for 
other acids as directed 993 a & ß and 3224. Boil the residue— 
which, besides the silicic acid separated from the decomposed 
portion of the silicate, contains that part of the mixed mineral 
which has resisted the action of the hydrochlorie acid—with an 
excess of solution of carbonate of soda, filter hot, and wash, first 
with hot solution of carbonate of soda, finally with boiling water. 
Treat the residuary undecomposed part of the mineral, thus freed 
from the admixed separated silicie acid, according to $ 207. 
Acidify the alkaline filtrate with hydrochlorie acid, evaporate to 
dryness, treat with hydrochlorie acid and water, filter off the silicie 
acid, render the filtrate alkaline with ammonia and warm; the 
preeipitate thus formed (if any) is to be treated with the separated 
silicie acid according to 922, in order to detect titanie acid. In 
cases where it is of no interest to effect the separation of the silieie 
acid of the part decomposed by acids, you may omit the trouble- 
some operation with carbonate of soda, and may proceed at once 
to the decomposition of the residue. 


III. AnaLysıs OF NATURAL WATERS. 


8.209. 


In the examination of natural waters the analytical process is 232 
simplified by the circumstance that we know from experience what 
substances are usually present. Now, although a quantitative 
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analysis alone can properly inform us of the true character of a 
water, since the differences between waters are principally caused 
by the different proportions of the constituents; still a qualitative 
analysis may render very good service, especially if the analyst 
notes whether a reagent produces a faint or a distinetly marked 
turbidity, a slight or a copious preeipitate; since these eircum- 
stances will enable him to make an approximate estimation of the 
relative proportions of the constituents. 

I separate here the analysis of ordinary drinking waters from 
that of mineral waters, in which latter we may also include sea- 
water; for, although no well-defined line can be drawn between 
the two classes, still the analytical examination of the former is 
necessarily by far the simpler, as the number of substances to be 
looked for is much more limited. 


A. Anarysıs or PoTABLE WATERS (SPRING-WATER, 
WELL-WATER, RIVER-WATER, &c.) 


$ 210. 


We know from experience that the substances to be had regard 2333 
to in the analysis of such waters are the following :— 

a. Bases: Potassa, soda, ammonia, lime, magnesia, protoxide 
of iron. 

b. Acıns, &e.: Sulphuric acid, phosphoric acid, silicie acid, 
carbonie acid, nitric acid, nitrous acid, chlorine. 

6. ÖÜRGANIC MATTER. 

d. MECHANICALLY SUSPENDED SUBSTANCES : Clay, &e. 

Potable waters contain indeed also other constituents besides 
those enumerated here, as may be inferred from the origin and 
formation of springs, &c., and as has, moreover, been fully 
established by the results of analytical investigations ;* but the 
quantity of such constituents is so trifling that they escape 
detection, unless hundreds of pounds of the water are subjected 
to the analytical process. I therefore omit here the mode of their 
detection (see $ 211). 

1. Boil 1000 to 2000 grm. of the carefully collected water in 234 
a porcelain dish to one half. (Glass vessels are to be avoided, as 
boiling water attacks them much more than porcelain.) This 
generally produces a precipitate. Pass the fluid through a per- 
fectly clean filter (free from iron and lime), wash the precipitate 
well, after having removed the filtrate, then examine both as 
follows: 

a. Examination of the precipitate, 

The preeipitate contains those constituents of the water 235 
which were only kept in solution through the agency of free 


* CHATIN (Journ, de Pharm. et de Chim. (3), 27, 418) found iodine in all fresh- 
water plants, but not in land plants, a proof that the water of rivers, .brooks, 
ponds, &e., contains traces, even though extremely minute, of metallic iodides. Ac- 
cording to MARCHAND (Comp. Rend., 31, 495), all natural waters contain indine, 
bromine, and lithia. VAN AnKUM has demonstrated the presence of iodine in almast 
all the potable waters of Holland. And it may be affirmed with the same certainty 
that all, or at all events most, natural waters contain compounds of strontia, baryta, 
fluorine, &e, ö 
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carbonic acid, or, as the case may be, in the form of bicar- 
bonates, viz., carbonate of lime, carbonate of magnesia, ses- 
quioxide of iron (which was in solution as bicarbonate of 
protoxide of iron, and preeipitates upon boiling as hydrate, 
as silicate, and in presence of phosphoric acid, also as phos- 
phate), phosphate of lime; also silicie acid, sometimes sul- 
phate of lime (if that substance is present in large proportion) 
and clay which was mechanically suspended in the water. 

Dissolve the precipitate on the filter in the least possible 
quantity of dilute hydrochlorie acid (effervescence indicates 
CARBONIC ACID), and treat separate portions of the solution 
as follows :— 

a. Add sulphoeyanide of potassium, or ferrocyanide of 
potassium, drop by drop, to test for ıroN. 


ß. Boil, add ammonia, filter if necessary, mix the 236 


filtrate with excess of oxalate of ammonia, and let the 
mixture stand for some time in a warm place. A white 
precipitate indicates LIME (in the form of carbonate, or 
also in that of sulphate if sulphuric acid is detected in y). 
Filter, mix the filtrate again with ammonia, add some 
phosphate of soda, stir with a glass rod, and let the 
mixture stand for twelve hours. A white erystalline preei- 
pitate, which is often visible only on the sides of the vessel 
when the fluid is poured out, indicates MAGNESIA (as car- 
bonate). 

y. Add chloride of barium, and let the mixture stand for 
twelve hours in a warm place. A preeipitate indicates 
SULPHURIC AcID. If very small it is best seen by cau- 
tiously decanting the supernatant clear fluid and shaking 
the small remaining quantity about in the glass. 


ö. Evaporate with addition of nitrie acid to dryness, 237 


treat the residue with nitrie acid and water, filter off any 
SILICIC ACID and test the filtrate for PHOSPHORIC ACID 
with molybdate of ammonia ($ 142, 10), or with acetate of 
soda and sesquichloride of iron ($ 142, 9). 


b. Examination of the filtrate. 
a. Mix a portion with a little hydrochlorie acid and 238 


chloride of barium. A white precipitate, which makes its 
appearance at once, or perhaps only after standing some 
time, indicates SULPHURIC ACID, 

ß. Mix a portion with nitrie acid, and add nitrate of 
silver. A white preeipitate or turbidity indicates CHLORINE. 
“y. Test a portion for PHOSPHORIC AcıD, by evaporating 
with nitrie acid, taking up with the same and proceeding 
as in 237. 

ö. Evaporate a large portion until highly concentrated, 
and test the reaction of the fluid. If itisalkaline, if a drop 
of the concentrated clear solution effervesces when mixed 
on a watch-glass with a drop of acid, and if carbonate of * 
lime preeipitates on the cautious addition of chloride of 
calcium to the alkaline fluid, then a CARBONATE of an alkali 
is present. Should tlıis be the case, evaporate the fluid to 
perfect dryness, boil the residue with spirit of wine, filter, 
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evaporate the solution to dryness, dissolve the residueina 


little water, and test the solution for NITRIC ACID a8 
directed $ 159, 7, 8 or 9.* 

e. Mix the remainder of the filtrate with chloride of am- 
monium, ammonia, and excess of oxalate of ammonia, and 
let the mixture stand some time. A precipitate indicates 
LIME. Filter, and— 

aa. Test a small portion with ammonia and phosphate 
of soda for MAGNESIA. 

bb. Evaporate the remainder to dryness, ienite, remove 
the magnesia which may be present (168), and test for 

POTASSA and SODA, according to $ 197. 
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2. Acidify a tolerably large portion of the filtered water with 239 


pure hydrochlorie acid, and evaporate nearly to dryness; divide 
the residue into two parts, a and D. 
a. Test with hydrate of lime for ammonıa {$ 91, 3).t 
b. Evaporate to dryness, moisten the residue with hydro- 
chloric acid, add water, warm, and filter if a residue remains. 
The residue may consist of sıLıcıc ACID and, if the water 
has not been filtered quite clear, also of cLAY; these two 
substances may be separated by boiling with solution of car- 
bonate of soda. The residue is often dark-colored from the 
presence of organic substances; but it becomes perfectly 
white upon ignition. 


3. Mix another portion of the water, freshly taken, with lime- 240 


water. If a precipitate is produced, FREE CARBONIC ACID or 
BICARBONATES are present. If free carbonic acid is present, no 
permanent precipitate is obtained when a large portion of the 
water is mixed with only a small amount of lime-water, since in 
that case soluble bicarbonate of lime is formed. 


4. Test for nırrous Acın,t by mixing a portion of the water 241 


with some iodide of potassium and starch paste (made of 1 part of 
the purest iodide of potassium, 20 parts of starch, and 500 parts of 
water) and pure dilute sulphuric acid, and observe whether a blue 
coloration makes its appearance, either at once or, at least, after a 
few minutes ($ 158, 1). The reagents should be tested by making 
a counter experiment with pure water. 


5. ORGANIC MATTER is detected by the blackening which 242 


occurs when a portion of the water is evaporated to dryness and 
gently ignited. If this experiment is to give conclusive results, 
the evaporation as well as the ignition must be conducted in a tlask 
or retort. 

6. FETID SUBSTANCES (decaying organic matter) are detected 
best by filling a bottle two-thirds with the water, covering it 
with the hand, shaking, and smelling. If the smell is of sulphu- 
retted hydrogen, proceed as directed $ 212,3. Whether there are 
other smelling organic matters present besides, may be ascertained 


* The nitrie acid may often be found without trouble, by evaporating the water to 


a small residue, and testing this at once for it. 


+ In elear water ammonia may be tested for quite satisfactorily without evaporating 
either by means of chloride of mercury and carbonate of potassa or by NESSLER’S 


test ($ 92). 
} SCHÖNBEIN found this acid in rain- and snow- water, 
u2 
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by adding a little sulphate of copper to the water, before smell- 
ing it, 

7. If you wish to examine the MATTERS MECHANICALLY SUS- 943 
PENDED in a water (in muddy river-water, for instance) fill a 
large glass bottle with the water, cork securely, and let it stand at 
rest for several days, until the suspended matter has subsided ; 
ıCmove now the clear supernatant Auid with the aid of a syphon, 
filter the remainder, and examine the sediment remaining on the 
filter. As this sediment may consist of the finest dust of various 
minerals, treat it first with dilute hydrochloric acid, then examine 
the part insoluble in that menstruum as directed 8 205. 

8. As oXIDE OF LEAD may be present, arising from leaden 
Pipes, treat a large quantity with sulphuretted hydrogen, allow 
to stand for some time, and should a black preeipitate form, 
examine this as directed $ 193. To detect very minute traces of 
lead, acidify 6 or 8 litres of the water with acetic acid, add a little 
acetate of ammonia, to prevent the lead precipitating as sulphate, 
evaporate to a small residue, filter, conduct hydrosulphuric acid 


into the filtrate, and examine a black precipitate which may form 
by $ 198. 


B. Anaıysıs OF MINERAL WATERS. 
211. 


The analysis of mineral waters embraces a larger number of 244 
constituents than that of potable water. The following are the 
principal of the additional bodies to be looked for :— 

OXIDE OF CA:sSIUM, OXIDE OF RUBIDIUM, OXIDE OF THAL- 
LIUM, LITHIA, BARYTA, STRONTIA, ALUMINA, PROTOXIDE OF 
MANGANESE, BORACIC ACID, BROMINE, IODINE, FLUORINE, 
HYDROSULPHURIC AcıD (hyposulphurous acid),* CRENIC ACID 
and APOCRENIC ACID, (formic acid, propionic acid, &e., nitrogen 
gas, oxygen gas, light carburetted hydrogen gas).* 

Ihe analyst has moreover to examine the muddy ochreous or 
hard Ram Kalre of tae spring, or also the residue left upon the 
evaporation of very large quantities of water, for ARSENIOUS ACID, 
ARSENIC ACID, TEROXIDE OF ANTIMONY, OXIDE OF COPPER, 
OXIDE OF LEAD, PROTOXIDE OF COBALT, PROTOXIDE OF NICKEL, 
and the oxides of other heavy metals. The greatest care is 
required in this examination, to ascertain whether these oxides 
come really from the water, and do not perhaps proceed from metal 
pipes, stopcocks, &c.+t The absolute purity of the reagents em- 
ployed in these delicate investigations must also be ascertained 
with the greatest care. 


* Respecting the constituents in brackets, I refer to the eorresponding chapter in 
my Quantitative Analysis, as the detection of these matters generally comprises also 
their quantitative estimation. 

t On the subject of water analysis, compare the following works by Dr. Fresr- 
N1U8 :—— Chemische Untersuchung der wichtigsten Nassauischen Mineralwasser, I. 
der Kochbrunnen zu Wiesbaden, II. die Mineralquellen zu Ems, III. die Quellen 
zu Schlangenbad, IV. die Quellen zu Langenschwalbach, V. die Schwefelquelle zu 
Weilbach, VI. die Mineralquelle zu Geilnau, VII. die neue Natronquelle zu Weil- 
bach, VIII. die Mineralquelle zu Niederselters, IX. die Mineralquelle zu Fachingen ; 
Wiesbaden : Kreidel, 1850—1868. Untersuchung der Mineralquellen zu Wildungen ; 
Arolsen: Mittler, 1860. Analyse. des Kaiser- und des Ludwigsbrunnens, wie der 
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I. ExAMINATION OF THE WATER. 
4. ÜPERATIONS AT THE SPRING. 
8.212. 


1. Filter the water, if not perfectly clear, through exhausted 245 
filter paper, into large bottles with glass stoppers. T'he sediment 
remaining on the filter, which possibly contains, besides the Hoc- 
culent matter suspended in. the water, also those constituents 
which separate at once upon coming in contact with the air (hy- 
drate of sesquioxide of iron, and compounds of sesquioxide of iron 
with phosphorie acid, silieie aeid, arsenic acid), is taken to the 
laboratory, to be examined afterwards according to $ 214. 

2. The presence of FREE CARBONIG ACID is usually sufliciently 246 
visible to the eye. However, to convince yourself by re- 
actions, test the water with fresh-prepared solution of itmus, and 
with lime-water. If carbonie acid is present, the former acquires 
a wine-red color; the latter produces turbidity, which must dis- 
appear again upon addition of the mineral water in excess, 

9. Kree HYDROSULPHURIC ACID is most readily detected by the 247 

smell. For this purpose half fill a bottle with the mineral water, 
cover with the hand, shake, and smell the bottle. In this way 
distinct traces of hydrosulphuric acid are often found which wou)l 
escape detection by reagents. However, if you wish to have some 
visible reactions, fill a large white bottle with the water, add a few 
drops of solution of acetate of lead in soda, place the bottle on a 
white surface, and look in at the top, to see whether the water 
acquires a brownish color or deposits a blackish precipitate ;—or 
halffill a large bottle with the water, and close with a cork to which 
is attached a slip of paper previously saturated with solution of 
acetate of lead and tben moistened with carbonate of ammonia; 
shake the bottle gently from time to time, and observe whether 
the paper acquires a brownish tint in the course of a few hours. 
If the addition of the acetate of lead has produced a brown color, 
or precipitate, whilst the test with the paper gives no result, this 
indicates that tlıe water contains an alkaline sulphide, but no free 
hydrosulphurie acid. 

4, Mixa wineglassful ofthe water with some tannic acid, another 248 
wineglassful with some gallic acid. If the former imparts a red- 
violet, the latter a blue-violet color, PROTOXIDE OF IRON is present, 
Instead of the two acids, you may employ infusion of galls, which 
contains them both. The colorations make their appearance only 
after some time, and increase in intensity from the top— where the 
air acts on the Huid—towards the bottom of the vessel. 

d. Test for NITROUS AcıD and FETID ORGANIC SUBSTANCES 249 
according to 24] and 242, Ifthe water contains hydrosulphuric 


Elisabethenquelle zu Homburg v. d.H.; Wiesbaden : Kreidel, 1863 und 1864. 
Analyse der Trinkquelle, der Badequelle und der Helenenquelle zu Pyrmont ; Arolsen : 
Speyer, 1865. Analyse der Driburger und Herster Quelle ; Wiesbaden : Kreidel, 
1866. Analyse der Augustaquelle (Felsenquelle Nr. II.) und der Vietoriaquelle zu 
Bad Ems; Wiesbaden : Kreidel, 1866 und 1869. Analyse des Lamscheider Mineral- 
brunnens, sowie die des Tönnissteiner Heilbrunnens und des Tönnissteiner Stahl- 
brunnens, 1869, 
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acid, ‚remove it before testing for nitrous acid by very cautious 
addition of sulphate of silver (no silver salt must under any eircum- 
stances remain in the solution). 


b. ÖPERATIONS IN THE LABORATORY. 
8 213. 


As it is always desirable to obtain even in the qualitative 
examination some information as to the proportions in which 
the several constituents are present, it is advisable to analyze a 
comparatively small portion for the principal constituents, and to 
ascertain, as far as may be neh, the relative proportions in 
which these constituents exist, and thus to determine the character 
of tlie water; then to examine a far larger portion for the consti- 
tuents which are present in small quantity; and finally a very 
large portion or the sinter for those constituents which are present 
merely in traces. For this purpose proceed as follows :— 


1. ExAMINATION FOR THOSE CONSTITUENTS WHICH ARE 
PRESENT IN LARGE QUANTITIES, 


a. Boil about 3 Ibs. of the clear water, or of the water 250 
filtered at the spring, in a porcelain dish (a flask is less 
suitable) for one hour, taking care, however, to add from 
time to time some distilled water, that the quantity of liquid 
may remain undiminished, and thus that only those salts 
may be separated which owe their solution to the presence 
of carbonicacid. Filter and examine the precipitate and 
the filtrate as direeted $ 210. 

b. Test for AMMONIA, SILICIC ACID, ORGANIC MATTERS, 
&c., by the methods given in $ 210. 


9, ExAMINATION FOR THOSE FIXED CONSTITUENTS WHICH 
ARE PRESENT IN MINUTE QUANTITIES. 


Evaporate a large quantity (at least 20 Ibs.) of the water in a 251 
silver or porcelain dish to dryness ; conduet this operation with the 
most scrupulous cleanliness in a place as free as possible from dust. 

If the water contains no carbonate of an alkali, add pure carbonate 
of potassa in slight excess. The process of evaporation may be 
-conducted at first over a gas-lamp, but ultimately the sand-bath 
must be employed. Heat the dry mass to very faint redness; if in 
a silver dish, you may at once proceed to ignite it; but if you have 
it in a porcelain dish, first transfer it to a silver or platinum vessel 
before proceeding to ignition. If the mass turns black in this 
process, ORGANIC MATTERS may be assumed to be present.“ 

Mix the residue thoroughly, and divide it into 3 portions, a and 
d being each about a quarter, and e one half. 

a. EXAMINATION FOR PHOSPHORIC ACID. 

Warm the portion a with water, add pure nitrie acid in 252 
sufficient excess, evaporate on the water-bath to dryness, warm 


* This inference is, however, correct only if the water has been effectually protected 
from dust during evaporation ; if this has not been the case, and you yet wish to ascer- 
tain beyond doubt whether organic matters are present, evaporate a separate portion of 
the water in a retort. If you find organic matter, and wish to know whether it consists 
of crenic acid or of apocrenic acid, treat a portion of the residue as directed $ 214, 3. - 
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the residue with nitrie acid, dilute slightly, filter through 
paper exhausted with hydrochlorie acid and test with molyb- 
date of ammonia ($ 142, 10). 

b. EXxAMINATION FOR FLUORINE. 

Heat the portion b with water, add chloride of calcium as 353 
long as a precipitate continues to form, let deposit and collect 
the preeipitate, which consists chiefly of carbonates of lime and 
magnesia, on a filter. Wash, dry, ignite, treat with water in 
a small dish, add acetie acid in slight excess, evaporate on the 
water-bath to dryness, keeping the dis on the bath until 
all smell of acetic acid has disappeared, add water, heat, filter 
off the solution of the acetates of the alkaline earths, wash, 
dry or ignite the residue, and test it as directed $ 146, 5. 

e. EXAMINATION FOR THE REMAINING FIXED CONSTITUENTS 
PRESENT IN MINUTE QUANTITIES. 

Boil the portion e repeatedly with water, filter, and waslı 254 
the undissolved residue with boiling water. You have now a 
residue (c), and a solution (P). 

a. The residue consists chiefly of carbonate of lime, car- 
bonate of magnesia, silicie acid, and—in the case of chaly- 
beate springs—hydrate of sesquioxide of iron. But it may 
contain also minute quantities of BARYTA, STRONTIA, ALU- 
MINA, PEROXIDE OF MANGANESE, and TITANIC ACID, and 
must accordingly be examined for these substances. 

Treat it with water in a platinum or porcelain dish, add 
hydrochleric acid to slightly acid reaction, then 4 or ö drops 
ot dilute sulphuric acid, evaporate on the water-bath to dry- 
ness, moisten with a small quantity of hydrochlorie acid, 
then add water, warm gently, filter, and wash. 

aa. EXAMINATION OF THE RESIDUE INSOLUBLE IN 255 
HYDROCHLORIC AcıD. This will mostly consist of silicie 
acid; but it may contain also sulphates of the alkaline 
earths, titanic acid and carbon. Heat it in a platinum 
dish repeatedly with hydrofluorie acid or fluoride of am- 
monium with addition of sulphurie acid, till all silicie 
acid is expelled. Finally evaporate to dryness, fuse the 
residue (if any) with bisulphate of potassa, treat the fusion 
with cold water, filter and test the solution for TITANIC 
AcıD by protracted boiling. If there was a residue on 
treating the fusion with water, wash it and incinerate the 
filter. When a spectroscope is at disposal. take up the 
ash on the loop of a platinum wire, expose for some 
time to the neleäng flame, moisten with hydrochlorie 
acid and examine for BARYTA. Strontia willnot be found 
here except perhaps in traces. When a speetroscope is 
not at hand, set aside the ash for subsequent examination. 
bb. ExAMINATION OF THE HYDROCHLORIC AcıD 256 
soLuTIon. Mix in a flask with pure chloride of am- 
monium, add ammonia until the Ania is just alkaline, 
then sulphide of ammonium free from ammonia ; close the 

tlask, filled to the neck, and let it stand for 24 hours in a 

moderately warm place. Ifa precipitate has formed at the 

end of that time, filter off, dissolve in hydrochloric acid, 
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boil, add potassa ($ 34, e) in excess, boil again, filter, and 
test the ‚Altrate for aLumına by acidifying: with hydro- 
chlorie acid and heating with ammonia ;* divide the residue 
into two parts, test one for MANGANESE with carbonate 
of soda before the blowpipe, the other for ıron by dis- 
solving in hydrochloric acid and adding sulphocyanide 
or ferrocyanide of potassium. 

The filtrate from the sulphide of ammonium preei- 
pitate may contain traces of baryta and will contain all or 
nearly all the strontia. Add to it carbonate of ammonia, 
filter after long standing, wash the precipitate, dry, sub- 
Ject it to EnGELBAacH’s process (end of $ 99), and treat 
the aqueous extract of the ignited precipitate as follows. 
If a spectroscope is at command, evaporate it to dryness | 
with hydrochloric acid and examine the residue in the 
instrument. Ifa spectroscope is uot at command, eva- 
porate it nearly to dryness with sulphate of ammonia, boil 
with a saturated solution of sulphate of ammonia, filter, 
wash the preeipitate, dry, incinerate, add the residue set 
aside in 255, fuse with carbonate of soda, treat with 
water, wash, dissolve the residue in hydrochloric acid and 
test the solution according to $ 99. 

ß. The alkaline solution contains the salts of the alkalies, 257 
and usually also magnesia and traces of lime. You have to 
examine it now for NITRIC ACID,f BORACIC ACID, IODINE, 
BROMINE, and LITHIA. Evaporate until very concentrated, 
let it cool, and place the dish in a slanting position, that 
the small quantity of liquid may separate from the saline 
mass; transfer a few drops of the concentrated solution to 
a wätch-glass by means of a glass rod, just acidify with 
Iıydrochloric acid, and test with turmeric-paper for BORACIC 
ACID. Evaporate the whole contents of the dish, with 
stirring, to perfect dryness, and divide the residuary powder 
into 2 portions, aa being about two-thirds, and bb one-third. 

aa. EXAMINE THE LARGER PORTION FOR NITRIC 258 
ACID, IODINE, AND BROMINE. 

Put the powder into a flask, add alcohol of 90 per cent., 
boil in the water-bath, and filter hot; repeat the same 
operation a second and a third time. Mix the alcoholie 
extract with a few drops of potassa, distil almost all the 
spirit off, and allow to cool. If minute crystals separate 
these may consist of nitrate of potassa; pour off the Auid, 
wash the crystals with some spirit, dissolve in a very 
little water, and test the solution for nITRic AcıD, with in- 
digo, or with brucia, or with iodide of potassium, starch- 
paste and zinc ($ 159). Evaporate the alcoholie solution 


* There is no use in testing for alumina unless the evaporation has been effected in 
a platinunı or silver dish. 

+ The nitric acid originally present may have been destroyed by the ignition of the 
residue in 251, if the latter contained organic matter. If you have reason to fear 
that such bas been the case, and you have not already found nitrie acid in 250, 
examiue a larger portion of non-ignited residue for that acid, according to the directions 
uf 258. 
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now to dryness. If you have not yet found nitrie acid, dis- 
solve a small portion of the residue in a very little water, 
and examine the solution for that acid. Treat the re- 
mainder or, as the case may be, the whole of the residue 
three times with warm et filter, evaporate the filtrate 
to dryness with addition of a drop of potassa, dissolve the 
residue in a very little water, acidify slightly with sul- 
phuric acid, add some pure bisulphide of carbon, and test 
for IODINE with nitrite of potassa, or a drop of solution of 
hyponitrie acid in sulphurie acid. After having carefully 
observed the reaction, test the same fluid for bromine 
with chlorine water according to $ 157. 
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bb. ExAMINE THE SMALLER PORTION FOR LITHIA. 259 


Warm the smaller portion of the residue (which, if lithia 
is present, must contain that alkali as carbonate or phos- 
phate) with water, add hydrochloric acid to distinetly acid 
reaction, evaporate nearly to dryness, then mix with pure 
alcohol of 90 per cent., which will separate the greater 
De of the chloride of sodium, and dissolve all the 
ithia. Drive off the alcohol by evaporation and, if you 
have a spectroscope, examine the residue with this for 
LITHIA ($ 93, 3). If you have no spectroscope, dissolve 
the residue in water and a few drops of hydrochloric acid, 
add a little sesquichloride of iron, then ammonia in slight 
excess, and a small quantity of oxalate of ammonia ; let 
the mixture stand for some time, then filter off the fluid, 
which is now entirely free from phosphoric acid and lime;; 
evaporate the filtrate to dryness, and gently ignite until 
the salts of ammonia are expelled ; treat the residue witlı 
some chlorine water (to remove the iodine and bromine) 
and a few drops of hydrochlorie acid, and evaporate to 
dryness ; add a little water and (to remove the magnesia) 
some finely divided oxide of mercury, evaporate to dry- 
ness, and gently ignite until the oxide of mercury is just 
driven off; add a drop of hydrochlorie acid, treat with a 
mixture of absolute alcohol and anhydrous ether, filter, 
concentrate the filtrate by evaporation, and set fire to the 
alcohol. If it burns with a carmine flame, LITHIA is 
present. By way of confirmation convert the lithia found 
into phosphate ($ 93, 3). 


3. EXAMINATION FOR THOSE CONSTITUENTS WHICH ARE 


PRESENT IN MOST MINUTE QUANTITIES. 


Evaporate 200 or 300 Ibs. of the water in a large perfeetly clean 260 
iron vessel until the salts soluble in water begin to separate. If 
the mineral water contains no carbonate of soda, add sufhicient of 
that substance to render the fluid distinctly alkaline. After eva- 
poration filter the solution off, wash the precipitate, without adding 
the washings to the first filtrate, and 


a. Examine the preeipitate by the method given $ 214 


for sinter deposits ; 


b. Mix the solution with hydrochloric acid, to acid reaction, 
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heat, just precipitate the sulphurie acid which may be 
present with chloride of barium, filter, evaporate the filtrate 
to dryness, digest the residue with aleohol of 90 per cent., 
and examine the solution for czsıum and RUBIDIUM 
according to $ 93, at the end. Treat the residue insoluble 
in alcohol as follows. Make a hot eoncentrated solution of 
it in water, add ammonia in excess, filter if necessary, add 
iodide of potassium while still hot and allow to stand. If 
a precipitate forms test it for THALLIUM in the spectroscope. 


II. ExaMmINnATION OF THE SINTER-DEPOoSsIT. 
DIA, 


l. Free the deposit from impurities, by picking, sifting, elu- 261 
triation, &e., and from the soluble salts adhering to it, by washing 
with water; digest a large quantity (about 200 grammes) with 
water and hydrochlorie acıd (effervescence : CARBONIC ACID) at a 
very moderate heat until the soluble part is completely dissolved ; 
dilute, let cool, filter, and wash the residue, 

a. Examination of the filtrate. 

a. Heat the larger portion to 70°, pass hydrosulphurie 262 
acid for some time ee also during the cooling. Allow to 
stand in a moderately warn place till the smell of the gas 
is almost gone and filter. 

Wash and dry the precipitate, remove the greater part 263 
of the free seinhae by digesting and washing with bisul- 
phide of carbon, warm gently with yellow sulphide of 
potassium, dilute, filter, wash with water containing sul- 
phide of potassium and precipitate the filtrate and washings 
with hydrochlorice acid. Allow the precipitate to settle, 
filter it off, wash, dry, extract again with bisulphide of 
carbon, treat the residue (if any) together with the filter in 
a small porcelain dish with pure red fuming nitrie acid, 
warm till the greater part of the acid is expelled, add excess 
of carbonate of soda, then a little nitrate of soda, fuse, treat 
the fusion with cold water, filter, wash with diluted alcohol, 
and test the aqueous solution for arsenic acid by 121 and 
122, the residue for ANTIMoNY and TIN by dissolving in 
dilute hydrochloric acid and treating the solution with zinc 
free from lead in a platinum capsule (123). 

If a residue remained on treating the hydrosulphurie 264 
acid precipitate with sulphide of potassium, wash, remove 
from the filter by a jet of water, boil with a small quantity 
of dilute nitric acid, filter, wash and treat the contents of the 
filter first with hydrosulphuric acidd—in order not to miss 
sulphate of lead which may possibly be present here—then 
test them for BARYTA and STRONTIA according to 255. 
Mix the nitrie acid solution with a little pure sulphuriec acid, 
evaporate to dryness on a water-bath and treat with water ; 
if a residue, it consists of sulphate of LEan. To make sure, 
filter it off, wash, and see ifit turns black with hydrosulphuric 
acid. Test the filtrate from the sulphate of lead with am- 
monia, and with ferroeyanide. of potassium for CoPPER, 
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acid precipitate, evaporate it to dryness with excess of nitrie 
acid on a water-bath, treat with nitrie acid and water, filter 
and test the solution for PHospmorıc Acın with molybdate 
of ammonia. Transfer the remainder of the filtrate from 
the hydrosulphurie acid precipitate to a flask, add chlo- 
ride of ammonium, then ammonia until the Huid is just 
alkaline, lastly sulphide of ammonium free from ammonia, 
fill the Hask to the neck, close the mouth, allow to stand in 

a moderately warm place till the supernatant Huid is yellow 

without a shade of green, filter and wash with water con- 

taining sulphide of ammonium. Treat the preeipitate with 
dilute hydrochlorie acid and proceed to test for COBALT, 

NICKEL, IRON, MANGANESE, ZINC, ALUMINA, AND SILICA 

according to 15%2—160. To examine for TITANIC ACID 

throw down a part of this hydrochlorie solution with am- 
monia and treat the precipitate according to 999. In the 
filtrate from the sulphide of ammonium precipitate throw 
down the LIME and STRONTIA and any BArYTA which 
may be present with carbonate and oxalate of ammonia, 
and test the precipitate for the two last by ENnGELBACH’S 
method (end of$99). Finally test the filtrate from the 
lime precipitate for MAGNESIA. 

ß. Mix a portion considerably diluted, with chloride of 

barium, and allow it to stand 12 hours in a warın place. A 

white precipitate indicates SULPHURIC ACID. 
b. Examination of the residue. 

This consists of sand, hydrated silicic acid, clay, and organie 266 
matter; it may also contain sulphur (if the water contained 
hydrosulphuric acid), and sulphates of baryta and strontia. 
Boil with a solution of carbonate of soda and caustic soda to 
dissolve the HYDRATED sıLıcıc AcıD and sulphur, filter, and 
treat on the paper with dilute hydrochlorie acid to dissolve 
baryta and strontia and leave the clay and sand. Test the 
year solution according to 256 for BARYTA and 
STRONTIA. 

9, To test for FLUORINE, the best way is to take a separate por- 267 
tion of the deposit. Mix with about halfits weight of pure hydrate 
of lime (if SER of lime is not present in abundant quantity), 
ienite (blackening indicates organic matter), add water, and then 
acetie acid in excess, evaporate till the excess of acid is expelled, 

‚and proceed as directed 253. 

3. Boil the deposit for a considerable time with concentrated 268 
potassa and filter. 

a. Acidify a portion of the filtrate with acetie acid, add am- 
monia, allow to stand 12 hours, and then filter offthe precipi- 
tate of alumina and hydrated silicic acid, which usually forms; 
again add acetic Er in excess, and then solution of neutral 
acetate of copper. If a brownish precipitate is formed, this 
consists Of APOCRENATE of copper. Mix the fluid filtered from 
the preeipitate with carbonate of ammonia, until the green 
color has changed to blue, and warm. Ifa bluish-green pre- 
cipitate is produced, this consists of CRENATE of copper. 


Take a portion of the filtrate from the heise 265 
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d. If you have detected arsenic, use the remainder of the 
alkaline Auid to ascertain whether the arsenic existed in the 


sinter aS ARSENIOUS ACID Or 48 ARSENIC ACID. (Compare 
$ 134, 9). 


IV. Anauysıs or Soırs. 
215, 


Soils must necessarily contain all the constituents which are 
found in the plants growing upon them, with tie exception of those 
supplied by the atmosphere and the rain. When we find, therefore, 
a plant, the constituents of which are known, growing in a certain 
soil, the mere fact of its growing there gives us some insight into 
the composition of that soil, and may accordingly save us, to some 
extent, the trouble of’ a qualitative analysis. 

Viewed in this light, it would appear quite superfluous to make a 
qualitative analysis of soils still capable of producing plants ; for it 
is well known that the ashes of plants contain almost invariably 
the same constituents, and the differences between them are caused 
principally by differences in the relative proportions in which the 
several constituentsare present. But if, in the qualitative analysis 
of a soil, regard is had also to the proportions of the constituents, 
and to the state in which they are present, an analysis of the kind, 
if combined with an examination of the physical properties of the 
soil, and a mechanical separation of its parts,* may give most use- 
ful results, enabling the analyst to Judge sufliciently of the condi- 
tion of the soil, to supersede the necessity of a quantitative analysis, 
which would require much time, and is a far more difficult task. 

As plants can only absorb substances in a state of solution, it is 
a matter of especial importance, in the qualitative analysis of a soil, 
to know which constituents are soluble in water;t which require 
an acid for their solution (in nature principally carbonie acid); and, 
finally, which are neither soluble in water, nor in acids, and are 
not, accordinely, in a position for the time being to aftord nutri- 
ment to the plant. With regard to the insoluble substances, another 
interesting question to answer is whether they suffer disintegra- 
tion readily, or slowly and with difficulty, or whetherthey altogether 


* With regard to the mechanical separation of the component parts of a soil, and 
the examination of its physical properties and chemical condition, compare F. ScHuLze, 
Journ. f. prakt. Chemie, 47, 241 ; also FresEnıus’s Quantitative Analysis, and E. 
WOoLFF, Zeitschr. f. anal. Chem. 3, 85. 

t It was formerly universally assumed that substances soluble in water, or in water 
containing carbonic acid, eirculated freely in the soil so long as there existed agents for 
their solution ; but since it has been discovered that arable soil possesses, like charcoal, 
the propertyof withdrawing from dilute solutions the bodies dissolved in them, this notion 
is exploded, and we now know that arable soil will retain with a certain force bodies 
otherwise soluble—from which we conclude that the aqueous extract of a soil cannot 
be expected to contain the whole of the substances present in that soil in a state imme- 
diately available for the plant. Neither can we expect to find these matters in the 
aqueous extract in the same proportion in which they are present in the soil, since the 
latter will readily give up to water those substances in regard to which its power of 
absorption has been sati-fied, whilst it will more or less strongly retain others, But 
although, for this reason, the examination of the aqueous extract of asoil has no longer 
the same value as it was formerly considered to have, yet it is still useful to ascertain 
what substances a soil will actually give up to water. It is for thisreason that I have 
retained the chapter on the preparation and examination of the aqueous extract, 
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resist the action of disintegrating agencies; and also what are the 
products which they yield upon their disintegration.* 

In the analysis of soils, the constituents soluble in water, those 
soluble in acids, and the insoluble constituents, must be examined 
separately. The examination of the organic portion also de- 
mands a separate process. 

The analysis is therefore properly divided into the following four 
parts : 


l. Preparation and Examination of the Aqueous Extract. 
$ 216. 


About 1000 grammes of the air-dried soil are used for the pre- 269 
paration ofthe aqueous extract. To prepare this extraet quite clear 
is a matter of some difheulty: in following the usual course, viz., di- 
gesting or boiling the earth with water, and filtering, the fine par- 
ticles of elay are speedily found to impede the operation, by choking 
up the pores of the filter; they also almost invariably render the 
filtrate turbid, at least the portion which passes through first. I 
have found the following method proposed by F. Schuuze (loe. eit.) 
the most practical. Close the neck of several middle-sized funnels 
with a filters of coarse blotting-paper, moisten the paper, press 
it close to the sides of the funnel, and then introduce the air-dried 
soil, in small lumps ranging from the size of a pea to that of a wal- 
nut, but not pulverized or even crushed; filling the funnels about 
two-thirds. Pour distilled water into them, in sufhicient quantity 
to cover the soil ; if the first portion of the filtrate is turbid, pour 
it back into the fünnel. Let the operation proceed quietly. Fill 
the funnels again with water, and continue this process of lixivia- 
tion until the filtrates weigh twice or three times as much as the 
soil used. Collect the several filtrates in one vessel, and mix them 
intimately together. Keep a portion of the lixiviated soil. 

Divide the aqueous solution into two parts, 1 (about two-thirds) 
and 2 (about one-third). 

1. Evaporate in a porcelain dish to a small bulk and test as 
follows. 

a. Filter off a portion, test the reaction of the filtrate, set 270 
aside a part to test for organic matter (280), warm the rest and 
add nitrie acid. Effervescence indicates an ALKALINE CAR- 
BONATE. Then test for CHLORINE with nitrate of silver. 

b. Transfer the rest of the concentrated fluid from 1, toxether 971 
with the preeipitate which it usually contains, to a small dish 
(preferably of platinum), evaporate to dryness and heat the 
brownish residue cautiously till the organic matter is destroyed. 
In the presence of nıTRATES a slight deflagration will be 
perceptible. Treat the residue as follows. 

a. Test a small portion with carbonate of soda in the 
oxidizing flame for MANGANESE. 
8. Warm the rest with water, add hydrochlorie acid, 

(effervescence indicates carbonic acid), evaporate to dryness 


* For more ample information on this subject the reader is referred to FRrsEytus’s 
Chemie für Landwirthe, Forstmänner, und Cameralisten ; Brunswick, Vieweg, 1847, 
p- 485. ; 
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to separate silieie acid, moisten with hydrochlorie acid, add 
water, warm and filter. 

aa. Waslı the residue, which generally contains a little 
carbon, a little clay (if the aqueous extract was not clear), 
and also sıLıcıcAcın. To detect the latter, pierce thefilter, 
wash the residue through, boil it with caustic soda, filter, 
saturate with hydrochloric acid, evaporate to dryness, and 
finally take up with water, when the silicic acid will remain 
behind. 

bb. Test a part of the hydrochlorie solution for suUL- 
PHURIC Acıp with chloride of barium. Evaporate a 
second part with nitric acid and test for PHOSPHORIC 
ACID with molybdate of ammonia. Test a third part for 
IRON with sulphocyanide of potassium. To the rest add 
a few drops of sesquichloride of iron (to remove phosphorie 
acid), then ammonia till slightly alkaline, warm a little, 
filter, throw down the LIMmE with oxalate of ammonia 
and proceed to the examination for MAGNESIA, POTASSA, 
and sopA ($$ 196, 197). Finally examine a small quan- 
tity of the pure alkaline chlorides in the spectroscope for 
LITHIA. 

Alumina is not likely to be found in the aqueous ex- 272 
tract (F. SCHULZE never found it). Butif you wish to 
test for it, boil the precipitate produced by ammonia with 
pure potassa in a platinum or silver dish, filter, acidify the 
filtrate with hydrochloric acid, add ammonia, and warm. 

2. If you have found iron, acidify a portion with hydrochlorie 273 
acid, and test half with ferricyanide of potassium, the other half 
with sulphocyanide of potassium, to see in what state the iron is 
present. Mix the rest of the aqueous extract with a little sul- 
phurie acid, evaporate nearly to dryness on the water-bath, and test 
the residue for AaMMmonIA by means ofhydrate of lime. If the aque- 
ous extract is absolutely clear you may test it for ammonia directly 
by chloride of mercury, &e. ($ 92). 


2. Preparatign and Examination of the Acid Extract. 
8.217. 


Heat about 50 grammes of the soil from which the part solu- 274 
ble in water has Den removed as far as practicable* with mode- 
rately strong hydrochloric acid (effervescence indicates CARBONIC 
AcıD) for several hours on the water-bath, filter, and make the 
following experiments with the filtrate, which is generally yellow 
from the presence of sesquichloride of iron. 

1. Test a small portion with sulphocyanide of potassium 975 
for SESQUIOXIDE OF IRON, another with ferricyanide of 
potassium for PROTOXIDE OF IRON. 

2. Test a small portion with chloride of barium for suL- 
PHURIC AcıpD. Evaporate another portion to dryness, heat 
the residue to a temperature scarcely exceeding 100°, warm 
with nitrie acid, filter off the silicic acid and test for pmos- 
PHORIC AcıD with molybdate of ammonia in the cold. 


* Complete lixiviation is generally impracticable, 
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3. Mix a large portion with ammonia to neutralize the free 
acid, then with yellowish sulphide of ammonium ; let the mix- 
ture stand in a warm place, in a flask filled up to the neck, 
until the Auid looks yellow ; then filter, and test the filtrate 
in the usual way for LIME, MAGNESIA, POTASSA, and S0DA. 

4. Dissolve the preeipitate obtained in 3 in hydrochlorie 
acid, evaporate to dryness, moisten with hydrochlorie acid, 
add water, warm, filter, and examine the filtrate according to 
150, for IRON, MANGANESE, ALUMINA, and if necessary, 
also for lime and magnesia, which may have been thrown down 
by the sulphide of ammonium, in combination with phosphoric 
acid. 

5. The separated sıLıcıc acıp obtained in 4 is usually 
colored by organic matter. It must, therefore, be ignited to 
obtain it pure. 

6. If it is a matter of interest to ascertain whether the 
hydrochlorie acid extract contains ARSENIC ACID, OXIDE OF 
COPPER, &c., treat the remainder of the solution with hydro- 
sulphuric acid, as directed 362—264. 

7. Should you wish to look for FLUORINE, ignite a fresh 
portion of the earth, and proceed according to 230. 


3. Examination of the Inorganie Oonstituents insoluble in Water 
and Acids. 


$ 218. 


The operation of heating the lixiviated soil with hydrochlorie 
acid (274) leaves still the greater portion of it undissolved. If you 
wish to subject this undissolved residue to a chemical examination, 
wash, dry, and sift, to separate the stones from the clay and sand ; 
moreover, separate the two latter from each other by elutriation. 
ee the several portions to the process given for silicates 
(8 205). 


4. Examination of the Organic Constituents af the Sorl.* 
8219. 


The organic constituents of the soil, which exercise so great 
an influence upon its fertility, both by their physical and chemical 
action, are partly portions of plants in which the structure may 
still be recognised (fragments of straw, roots, seeds of weeds, &c.), 
partly products of vegetable decomposition, which are usually 
called by the general name of muumus, but differ in their con- 
stituent elements and properties, according to whether they result 
from the decay of the nitrogenous or non-nitrogenous parts of 
plants— whether alkalies or alkaline earths have or have not had 
a share in their formation—whether they are in the incipient or 
in amore advanced stage of decomposition. To separate these 
several component parts of humus would be an exceedingly difh- 
cult task, which, moreover, would hardly repay the trouble; the 
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* Compare FRESENIUS’s Chemie für Landwirthe, Forstmänner, und Cameralisten; 


Brunswick, Vieweg, 1847, $$ 282—285. 
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following operations are amply suflicient to answer all the purposes 
of a qualitative analysis. 


a. Examination of the Organie Substances soluble in Water. 


Evaporate the reserved portion of 270 on the water-bath to 280 
perfect dryness, and treat the residue with water. The ulmie, 
humie, and geic acids, which were present in the solution in com- 
bination with bases, remain undissolved, whilst CRENIC AND 
APOCRENIC ACIDS are dissolved in combination with ammonia ; 
for the manner of detecting the latter acids, see 268. 


b. Treatment with Alkaline Carbonate. 


Dry a portion of the lixiviated soil, and sift to separate the 281 
fragments of straw, roots, &e., and the small stones, from the 
finer parts; digest the latter for several hours at 80--90° with 
solution of carbonate of soda, and filter. Mix the filtrate with 
hydrochlorie acid to acid reaction. If brown Hakes separate, these 
proceed from ULMIC ACID, HUMIC ACID, or GEIG Acıp. The 
larger the proportion of ulmic acid present the lighter will be the 
color of the flakes. 

c. Treatment with Caustie Alkali. 


Wash the soil boiled with solution of carbonate of soda (b) with 282 
water, boil several hours with potassa, replacing the water as it 
eyaporates, dilute, filter, and wash. Treat the brown Auid as in 2. 

The ulmie and humic acids which separate now, are new pro- 
ducts resulting from the action of boiling potassa upon uLMIN and 
HUMIN. 


V. DETECTION OF INORGANIG SUBSTANGES IN PRESENCE 
OF ÜRGANIC SUBSTANCES. 


$ 220. 


It will be readily conceived that the presence of organie sub- 
stances may so far impede an analysis that it cannot be proceeded 
with until the organic matter has been totally destroyed ; thus, for 
instance, the presence of organic coloring matter may completely 
conceal a change of color or a precipitate, again the presence of 
slimy matter may render filtration impossible. Difhiculties of this 
kind are of constant occurrence in the examination of medicines, in 
the analysis of articles of food or of the contents of a stomach for 
inorganic poisons, and in the analysis of the inorganic constituents 
of vegetable or animal substances. In the following pages 
instructions will be given first for a general procedure, afterwards 
for several special cases. 


1. General Rules for the Detection of Inorganic Substances in Presence of 

‚ Organic matters, which by their Color, Consistence or other Pro- 

perties, impede the Application of the Reagents, or obscure the Re- 
actions produced. 


221. 


We confine ourselves here, of course, to the description of the 
most generally applicable methods, leaving the modifications which 


- 
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circumstances may require in special cases to the discretion of the 
analvst. 

l. THE SUBSTANCE DISSOLVES IN WATER, BUT THE SOLUTION 983 
IS DARK-COLORED OR OF SLIMY CONSISTENCE. 

a. Heat a portion of the solution with hydrochlorie acid on 
the water-bath, and gradually add chlorate of potassa until 
the mixture is decolorized and perfectly fluid; heat until it 
exhales no longer the odor of chlorine, then dilute with 
water, and filter. Examine the filtrate in the usual way, 
commenecing at $190. Compare also $ 225. It is hardly 
necessary to observe that the state of oxidation of the metals 
founed cannot be determined; since suboxide of mercury, 
protoxide of tin, and protoxide of iror. would be converted by 
the chlorate of potassa and hydrochlorie acid into chloride 
of mercury, bichloride of tin, and sesquichloride of iron 
respectively. 

db. Boil another portion of the solution for some time with 
‚nitrie acid, filter and test the filtrate for SILVER and POTASSA. 
If the nitrie acid succeeds in effecting the ready and complete 
destruction of the coloring and slimy matters, &c., this method 
is often preferable to all others. 

c. ALUMINA and SESQUIOXIDE OF CHROMIUM might 
escape detection by this method, because ammonia and sul- 
den of ammonium may fail to precipitate these oxides from 

uids containing non-volatile organie substances. Should 
you have reason to suspect the presence of these oxides, mix 
a third portion of the substance with carbonate of soda and 
chlorate of potassa, and throw the mixture gradually into a red- 
hot crucible. Let the mass cool, then treat it with water, and 
examine the solution for chromic acid and alumina, the residue 
for alumina ($ 103). 

d. Test a separate portion for AMMONIA with hydrate of 
lime. 

e. Subject another portion to dialysis and examine the 
dialysate for acids. 

2. BoILING WATER FAILS TO DISSOLVE THE SUBSTANGE, OR 284 
EFFECTS ONLY PARTIAL SOLUTION; THE FLUID ADMITS OF 
FILTRATION. 

Filter, and treat the filtrate either as directed $ 189, or, shonld 
it require decoloration, according to 283. The residue may be of 
various kinds. 

a. It is FATTy. Remove the fatty matter by means of 
ether, and should a residue be left, treat this as directed $ 175. 

b. Itis resınous. Use alcohol instead of ether, or apply 
both liquids successively. 

ec. IT 1ıs OF A DIFFERENT NATURE, 0.9., woody fibre, &e. 

a. Dry, and ignite a portion in a porcelain or platinum 
vessel, avoiding too high a temperature, until total or 
partial incineration is effected; warm the residue with hy- 
drochlorie acid and a little nitrie acid, dilute, and examine 
the solution as directed 109; if a residue has been left. 

treat this according to $ 203. 

ß. Examine another portion for the heavy metals and 

? x 
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acids, as direeted 283—since with the method given in « 
arsenic, cadmium, zinc, &e., may volatilize, besides mercury. 

y. Testthe remainder for ammonia, by triturating with 
hydrate of lime. 

3. THE sUBSTANCE DOES NOT ADMIT OF FILTRATION OR 285 
ANY OTHER MEANS OF SEPARATING THE DISSOLVED FROM THE 
UNDISSOLVED PART. 

Treat the substance in the same manner as the residue in 284. 

As regards the charred mass, 284 c, a, it is often advisable to 
boil the mass, carbonized at a gentle heat, with water, filter, ex- 
amine the filtrate, wash the residue, incinerate it, and examine 
the ash. 

4. The following method proposed by E. MıLLon* is of very 
general application for the detection of metallic oxides when mixed 
with organic matter. Transfer the substance to a tubulated retort 
and add four times its weight of pure sulphuric acid. The retort 
should not be more than one-third full. Heat slowly till the mix- 
ture is homogeneous, and then placing a funnel tube in the tubu- 
lure of the retort and gently increasing the temperature, add nitrie 
acid gradually. The object of this first operation is to decompose 
chlorides, which will take about half an hour. Now remove the 
mixture to a platinum dish and heat till the sulphurie acid, which 
by degrees loses its black color and turns orange or red, begins to 
escape. Add more nitric acid in small portions ; after each addition 
the fluid will be decolorized, but it again turns darker on further 
heating. Continue adding nitrie acid until no more coloration 
oceurs, and finally expel the sulphurie acid, when you will obtain 
a saline mass to be analysed in the usual way. Ifthe heat is mo- 
derated towards the end, according to MıLLon none of the arsenie 
or mercury will be lost; but this cannot be depended on when 
much chlorides are present. 

5. To separate salts from colloid organic matter, dialysis is very 
convenient.+ The substance is sometimes first warmed with nitrie 


acid or with chlorate of potassa and hydrochlorie acid. (Compare 
$ 224.) 


2. Detection of Inorganie Poisons in Articles of Food, in Dead 
Bodies, &e., in Chemico-legal Cases.t 
aa. 

The chemist is sometimes called upon to examine an article of 986 
food, the contents ofa stomach, a dead body, &e., with a view to 
detect the presence of some poison, and thus to establish the fact 
of poisoning; but it is more frequently the case that the question 
put to him is of a less general nature, and that he is called upon to 
determine whether a certain substance placed before him contains 
a metallic poison; or, more pointedly still, whether it contains 
arsenic or hydrocyanic acid, or some other particular poison—as 


* Journ. de Pharm. et de Chim. 46, 33. Zeitschr. f. anal. Chem. 4, 208. 

+ Compare OÖ. REVEIL, Zeitschr. f. anal. Chem. 4, 266 ; Bızıo, /bid. 5, 51; RIEDERER, 
Ibid. 7, 517. 

Tr Compare FRESENIUS, Ann. d. Chem. u. Pharm. 49, 275; and FRESENIUS and 
v. BaBo, Ann. d. Chem. u. Pharm. 49, 287. 
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it may be that the symptoms point clearly in the direction of that 
poison, or thatthe examining magistrate has, or believes he has, 
some other reason to put this question. 

. It is obvious that the task of the chemist will be the easier, the‘ 
more special and pointed the question which is put to him. How- 
ever, the analyst will always act most wisely, even in cases where 
he is simply requested to state whether a certain poison, e.g. arsenic, 
is present or not, if he adopts a course of proceeding which will 
not only permit the detection of the one poison specially named, 
the presence of which may on be suspected on insuflicient 
grounds, but will moreover inform him as to the presence or absence 
of other similar poisons. 

But we must not go too far in this direction either ; if we 
were to attempt to devise a method that should embrace all poisons, 
we might unquestionably succeed in elaborating such a method at 
the writing-desk ; but practical experience would but too speedily 
convince us that the intricate complexity inseparable from such a 
course, must necessarily impede the easy execution of the process, 
and impair the certainty of the results, to such an extent indeed, 
that the drawbacks would be greater than the advantages derivable 
from it. 

Moreover, the attendant circumstances permit usually at least 
a tolerably safe inference as to the group to which the poison 
belongs. Acting on these views, I ine here, — 

1. A method which ensures the detection of the minutest traces 
of arsenic, allows of its quantitative determination, and permits at 
the same time the detection of all other metallic poisons. 

2. A method to effect the detection of hydrocyanic acid, which 
leaves the substance still fit to be examined both for metallic poisons 
and for alkaloids. 

3. A method to effect the detection of phosphorus, which does 
not interfere with the examination for other poisons. 

This part of the work does not, therefore, profess to supply a 
complete guide in every possible case of chemico-legal investi- 
gations. But the instructions given in it are the tried and proved 
results of my own practice. Moreover, they will generally be 
found suflicient, the more so as in the Section on the alkaloids, I 
give the description of the best processes by which the detection of 
these latter poisons in criminal cases may be effected. 

Where you have no indications at all of the sort of poison to 
be looked for, begin by carefully inspecting the substance with the 
aid of a mieroscope if necessary, by noting the odor, reaction, &e., 
and then if the circumstances do not point to examining different 
portions for the different classes of poisons, proceed to test for hy- 
drocyanic acid and phosphorus (a distillation usually suflices for 
the detection of both), afterwards for alkaloids, and finally for me- 
tallice poisons. As an obvious matter of caution, you should always 
reserve one-third of the substance, after weighing and mixing, for 
contingencies. 


x2 
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I. METHOD FOR THE DETECTION OF ARSENIC (WITH DUE Rr- 
GARD TO THE POSSIBLE PRESENCE OF OTHER METALLIC Po1sons). 


223. 


Of all metallie poisons arsenie is the most dangerous, and at 287 
the same time the one most frequently used, more particularly for 
the wilful poisoning of others. And again, among the compounds 
of arsenic, arsenious acid oceupies the first place, because it kills 
even in small doses, it does not betray itself, or at least very 
sligehtly, by the taste, and it is but too readily procurable. 

As arsenious acid dissolves in water only sparingly, and—on 
account of the difieulty with which moisture adheres to it— very 
slowly, the greater portion of the quantity swallowed exists usually 
in the body still in the undissolved state ; as, moreover, the small- 
est grains of it may be readily detected by means of an exceedinely 
simple experiment; and lastly, as—no matter what opinion may 
be entertained about the normal presence of arsenie in the bones, 
&e.—this much is certain, that arsenious acid in grains or powder is 
never normally present in the body, the particular care and efforts 
of the analyst ought always to be directed to the detection of the 
arsenious acid in substance—and this end may indeed usually be 
attained. 


A. Method for the Detection of undissolved Arsemious Acid. 


1. If you have to examine food, vomit, or some other matter of 288 
the kind, after weighing it mix the whole as uniformly as may be 
practicable, reserve one-third for contingencies, and mix the other 
two-thirds in a porcelain dish with distilled water, with a stirring 
rod ; let the mixture stand a little, then pour off the fluid, together 
witlı the lighter suspended particles, into another porcelain dish. 
Repeat this latter operation several times, if possible with the same 
fluid, pouring it from the second dish back into the first and so on. 
Finally, wash once more with pure water, best in a glass dish, re- 

‚ move the fluid as far as practicable, and try whether you can find 

in the dish small, white, hard grains which feel gritty under the 
glass rod. If not proceed as directed $ 224 or $ 225. But if so, 
pick out the grains, or some of them, with a pair of pincers, or 
wash them if they are very minute in a watch-glass, dry, weigh 
them, and heat a small portion in a glass tube, another small por- 

tion with a splinter of charcoal (compare $ 132, 2 and 11). Ifyou 
obtain in the former experiment a white sparkling sublimate con- 
sisting of octahedrons and tetrahedrons, in the latter experiment 
an arsenical mirror, you are quite safe in coneluding that the grains 
consist of arsenious acid. If you wish to determine the quantity of 
the arsenic, or to test for other metallic poisons, unite the contents 
of both dishes, and proceed as directed $ 224 or $ 225. 

2. Ifa stomach is submitted to you for analysis, empty the 
contents into a porcelain dish, turn the stomach inside out, and (a), 
search the inside coat for small, white, hard, sandy grains. The 
spots occupied by such grains are often reddened; the grains are 
also frequently found firmly imbedded in themembrane. (D) Mix 
the contents in the dish uniformly, weigh them, put aside one-third 
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for contingencies, and treat the other two-thirds as in 1. The 
same course is pursued also with the intestines. In other parts of 
the body— with the exception as of the pharynx and &sopha- 
gus—arsenious acid cannot be found in grains, if the poison has 
been introduced through the mouth. If you have found grains of 
the kind described, examine them as directed in 1; if not, or if 
you wish to test also for other metallic poisons, proceed according 
to $ 224 or $ 22. 


DB. Method of detecting soluble Arsenical and other Metallic Com- 
pounds by means of Dialysis. 


$ 224. 


If method A has failed to show the presence of arsenious acid 289 
in the solid state, and the process described in $ 225, in which the 
organic substances are totally destroyed by chlorate of potassa and 
hydrochloric acid, is at once resorted to, the operator must, of 
course, in the event of the presence of arsenic being revealed, give 
up all notion of ascertaining, as far as the portion operated upon is 
concerned, in what form the poison has been administered; as the 
process will give a solution containing arsenic acid, no matter 
whether the poison was originally present in that form, or as ar- 
senious acid, or as sulphide, or in the metallic state, &e. This 
defect un: be remedied, however, by interpolating a dialytic ex- 
periment between A and (©. 

The experiment requires the apparatus shown in $ 8, fig 5. 
The hoop is made of wood or, better, of gutta percha; it is? inches 
in depth, and 8 or 1O inches in diameter. The residue and fluid 
0f$ 223, A, having been mixed according to the circumstances with 
two-thirds of the stomach, intestinal canal, &e., cut small, and di- 
gested for twenty-four hours at about 32°, is poured into the dia- 
Iyser to a depth of not more than half an inch. The dialyser is 
then floated in a basin containing about 4 times as much water as 
the Huid to be dialysed amounts to. After 24 hours one-half or 
three-fourths of the erystalloids will be found in the external water, 
wlich generally appears colorless. Concentrate this by evapora- 
tion on the water-bath, acidify the greater part with hydrochlorie 
acid, treut with sulphuretted hydrogen, and proceed generally as 
directed 29] et seq. If an arsenical compound soluble in water 
(or some other soluble metallic salt) is present, the corresponding 
sulphide is obtained almost pure. By floating the dialyser suc- 
cessively on fresh supplies of water, the whole of the soluble 
erystalloids present may finally be withdrawn. If arsenie is found, 
test the remainder of the concentrated dialysate according to$ 134, 
9, to see whether arsenious or arsenic acid is present. 

It is generally best to examine the exhausted contents of the 
dialyser at once according 10 $ 225 for metals, but in some cases, 
as for instance when you wish to determine the state of oxidation 
or combination of compounds of arsenie or other metals, it is pre- 
ferable to heat the matter first with dilute hydrochloric acid and to 
dialyse it again. 

Instead of interpolating the dialysis at this stage, you may wait 
till the close of C, and then if a metallic poison has been found and 
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you wish to ascertain its state of combination, you may recur to 
this paragraph, using the reserved one-third for the experiment. 


0. Method for the Detection of Arsenic in whatever Form it may ewist, 
which allows also of its (Quantitative Determination, and of the Detec- 
tion of all other Metallie Poisons.* 


8225. 


If you have found no arsenious acid in substance by the 
method described in A, nor a soluble arsenic compound by dialysis, 
evaporate the mass in the porcelain dish, on the water-bath, to a 
pasty consistence ; adding, if occasion requires, two-thirds of the 
stomach and intestines cut small, provided this has not been done 
already in the process of dialysis. 

In examining other parts of the body (the lungs, liver, &c.), 
cut them also into small pieces, and use two-thirds for the analysis. 

The process is divided into nine parts.t 


1. Decoloration and Solution. 


Add to the matters in the porcelain dish, which 'may amount 290 


to, say 100 or 250 grammes, an amount of hydrochlorie acid of 1:12 
sp. gr., about equal to or somewhat exceeding the weight of the 
dry substances present, and suflicient water to give to the entire mass 
the consistence of a thin paste. The quantity of hydrochloric acid 
added should never exceed one-third of the entire liquid present. 
Heat the dish now on the water-bath, adding every five minutes 
about two grammes of chlorate of potassa to the hot fluid, with 
stirring, until the contents of the dish are light yellow, and also 
perfectly homogeneous and fluid; replace the evaporating water 
from time to time. When this point is attained, add again a portion 
of chlorate of potassa, and then remove the dish from the water- 
bath. When the contents are quite cold, transfer them cautiously 
to a linen strainer or a white filter, according to the quantity; 
allow the whole of the fluid to pass through, and heat the filtrate 
on the water-bath with renewal of the evaporating water, until the 
smell of chlorine has gone off or nearly so. Wash the residue well 
with hot water, and dry it; then mark it I., and reserve for further 
examination, according to 303. Evaporate the washings on the 
water-bath to about 100 grammes, add this, together with an 

precipitate that may have formed therein, to the prineipal filtrate. 


2. Treatment of the Solution with Hydrosulphurie Acid (Separation 291 


of the Arsenic as Tersulphide, and of all the Metals of Groups 
V. and VI. in forms of Sulphides). 


Transfer the fluid obtained in 1, which amounts to three or 
four times the quantity of the hydrochlorie acid used, to a flask, 
heat this on the water-bath to 70°, and transmit through it, for 


* This method is essentially the same as that which was published in 1844 by 


L. v. BaBo and myself; compare Ann. d. Chem. u. Pharm., 49, 308. I have since 
that time had frequent occasion to apply it; I have also had it tried by others, under 
my own inspection, and J have invariably found it to answer the purpose perfectly. 


’F I need hardly observe, that in an analysis of this kind, too much care cannot be 


taken to insure the purity of the reagents and the cleanliness of the apparatus, 
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about 12 hours, a slow stream of washed hydrosulphuric acid, then 
let the mixture cool, continuing the transmission of the gas; rinse 
the delivery pipe with some ammonia, add the ammoniated solution 
thus obtained, after acidifying, to the prineipal fluid, cover the 
flask lightly with unsized paper, and put it in a moderately warm 
place (about 30°) until the odor of hydrosulphuric acid has nearly 
disappeared. Collect the precipitate obtained in this manner on a 
filter, and wash with water containing hydrosulphurie acid until 
the washings are quite free from chlorine. Concentrate the filtrate 
and washings. If a precipitate forms, filter it off, wash and add 
it to the prineipal hydrosulphuric acid precipitate. Mix the 
concentrated fluid in a proper sized flask with ammonia to alka- 
line reaction, then with sulphide of ammonium, closely cork the 
flask, which must now be nearly full, and reserve it for further 
examination according to 307. 


3. Purification of the Precipitate produced by Hydrosulphurie Acid. 292 


The preeipitate obtained in 2 contains the whole of the arsenic 
and all the other metals of the fifth and sixth groups, in the form 
of sulphides, and also organic matter and free sulphur. Dry it 
with the filter completely ın asmall dish, over the water-bath, add 
pure fuming nitric acid (free from chlorine), drop by drop, until 
the mass is completely moistened, then evaporate on the water- 
bath to dryness. Moisten the residue uniformly all over with pure 
concentrated sulphuric acid, previously warmed; then heat for two 
or three hours on the water-bath, and finally with an air- sand- or 
oil-bath at a somewhat higher, though still moderate temperature 
(170°), until the charred mass becomes friable, and a small sample 
of it—to be returned afterwards to the mass—when mixed with 
water and then allowed to subside, gives a colorless fluid ; should the 
aqueous fluid be brownish, or should the residue consist of a brown 
oily liquid, add to the mass some cuttings of pure Swedish filtering- 
paper, and continue the application of heat. You may raise the 
heat till fumes of sulphuric acid begin tö*escape without fear of 
loss of arsenic. By attending to these rules you will always com- 
pletely attain the object in view, viz., the destruction of the 
organic substances, without loss of any of the metals.. Warm the 
residue on the water-bath with a mixture of 8 parts of water and 
1 part of hydrochlorie acid, filter, wash the undissolved part 
thoroughly with hot water, containing a little hydrochloric acid, 
and add the washings, concentrated if necessary, to the filtrate. 

Dry the washed carbonaceous residue, then mark it IL, and 
reserve it for further examination according to 304, 


4. Preliminary Examination for Arsenie and other Metallic Poisons of 293 
Groups V. and VI. (Second Preeipitation with Hydrosulphuric 
Acid.) 


The elear and colorless or, at the most, somewhat yellowish 
fluid obtained in 3 contains all the arsenie in form of arsenious 
acid, and may contain also tin, antimony, mereury, copper, bismuth, 
and cadmium. Supersaturate a small portion gradually witl a 
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mixture of carbonate of ammonia and ammonia, and observe 
whether a precipitate is produced, acidify with hydrochlorie acid, 
which will redissolve the precipitate that may have been produced 
by ammonia; then return the sample to the principal fluid, and 
treat tlıe latter with hydrosulphuric acid, first at a gentle heat, 
afterwards without heat, according to 99], 

This process may lead to three different results, which are to 
be carefully distinguished. 

a. The hydrosulphurie acid fails to produce a preeipitate ; but on 294 
standing a trifling white or yellowish-white precipitate sepa- 
rates. In this case probably no metals of Groups V. and VI. are 
present. Nevertheless, treat the filtered and washed preeipi- 
tate as directed 297, to guard against overlooking even the 
minutest traces of arsenic, &e. 

b. A precipitate is formed, of a pure yellow color ; like that of 395 
tersulphide of arsenic. Take a small portion of the fluid, 
together with the preeipitate suspended therein, add some 
ammonia, and shake for some time without heating. If the 
precipitate dissolves readily and, with the exception of a trace 
of sulphur, completely, and if in the preliminary examination, 
(293) carbonate of ammonia has failed to produce a precipi- 
tate, arsenic alone is present, and no other metal (at least, if 
any tin or antimony is present, it is not worth mentioning). 
Mix the solution of the small sample in ammonia, with hydro- 
chlorie acid to acid reaction, return this to the Huid containin 
the prineipal precipitate and proceed as directed 297. If, on 
the other hand, the addition of ammonia to the sample com- 
pletely or partially fails to redissolve the precipitate, or if, in 
the preliminary examination (293), carbonate of ammonia has 
produced a precipitate, there is reason to suppose that 
another metal is present, perhaps with arsenic. In this latter 
case also, add to the sample in the test-tube hydrochloric acid 
to acid reaction, return it to the Huid containing the prineipal 
precipitate, and proceed as directed 298, 

c. A precipitate is forıted of another color. In that case you 296 
have to assume that other metals are present, perhaps with 
arsenic. Proceed as directed 298. 


9. Treatment of the Yellow Precipitate produced by Hydrosulphurie Acid, 297 
when the Results of 295 lead to the Assumption that Arsenie alone is 
present. (Determination of the Weight of the Arsenic.) 


As soon as the fluid precipitated according to 293 has nearly 
lost the smell of sulphuretted hydrogen, collect the yellow preeipi- 
tate on a small filter, wash thoroughly, pour upon the still moist 
precipitate solution of ammonia, and wash the filter—on which, in 
this case, nothing must remain undissolved, except some sulphur— 
thoroughly with dilute ammonia; evaporate the fluid in a small 
accurately tared porcelain dish, on the water-bath and dry the 
residue at 100° until the weight is constant. The final weight 
represents the quantity of sulphide of arsenic if upon the 
subsequent reduction this is found to be pure; in that case, multi- 
ply te weight by 8049 to obtain the corresponding amount of arse- 
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nious acid, or by ‘6098 to obtain the corresponding: amount of me- 
tallie arsenic. Treat the residue in the dish according to 300: 


6. Treatment of the Yellow Precipitate produced by Hydrosulphurie Acid, 298 
mhen the Results of 295 or 296 lead to the Assumption that another 
Metal is present—perhaps with Arsenic. (Separation of the Metals 

from each other. Determination of the Weight of the Arsenic.) 


If you have reason to suppose that the fluid precipitated accord- 
ing to 293 contains other metals, perhaps with arsenic, proceed as 
follows :—As soon as the precipitation is thoroughly accomplished, 
and the smell of sulphuretted hydrogen has nearly gone off, collect 
the precipitate on a small filter, wash thoroughly, pierce the filter, 
and wash all tle preeipitate into a small flask, using the least 
possible quantity of water; add to the fluid in which the pre- 
eipitate is now suspended, first ammonia, then some yellowish 
sulphide of ammonium, and let the mixture digest for some 
time at a gentle heat. Should part of the precipitate remain un- 
dissolved, filter this off, wash, pierce the filter, rinse off the residuary 
preeipitate, mark it III., and reserve for further examination accor- 
ding to 305. Evaporate the filtrate, together with the washings, 
in a small porcelain dish to dryness. Treat the residue with some 
pure fuming nitrie acid (free from chlorine), nearly drive off the 
acid by evaporation, then add, as C. MEvEr was the first to recom- 
mend, a solution of pure carbonate of soda, in small portions till in 
excess, Add now a mixture of 1 part of carbonate and 2 parts of 
nitrate of soda in suflicient, yet not excessive quantity, evaporate to 
dryness, and heat the residue very gradually to fusion. Let the 
fused mass cool, and take it up with cold water. If a residue re- 299 
mains undissolved, filter, wash with a mixture of equal parts of 
spirit of wine and water, mark it IV., and reserve for further exami- 
nation, according to 306. Mix the solution which contains all the 
arsenic as arsenate of soda, with the washings, previously freed 
from alcohol by en add cautiously pure dilute sulphuric 
acid to strongly acid reaction, evaporate in a small porcelain dish, 
and, when the Huid is strongly concentrated, add again sulphuric 
acid, to see whether the quantity first added has been suflicient to ex- 
yel all nitrie acid and nitrous acid ; heat now cautiously until heavy 
fumes of hydrated sulphuric acid begin to escape; then let the liquid 
cool, add water, transfer the solution to a small flask, keep heated 
at 70°, and conduct into it for at least 6 hours, a slow stream of 
washed hydrosulphurie acid. Let the mixture finally cool, con- 
tinuing the transmission of the gas all the while. If arsenie is 
present, a yellow preeipitate will form. When the precipitate has 
completely subsided, and the fluid has nearly lost the smell of sul- 
phuretted hydrogen, filter, wash the precipitate, dry it, extract the 
free sulphur with pure bisulphide of carbon, dissolve in ammonia, 
and treat the solution according to 297, in order to determine 
the weight of the arsenic. 


7. Reduction of the Sulphide of Arsenic. 


The production of metallic arsenic from the sulphide, which 300 
may be regarded as the keystone of the whole process, demands 
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the greatest care and attention. The method recommended $ 132, 
12, viz., to fuse the arsenica] compound, mixed with cyanide of 
potassium and carbonate of soda, in a slow stream of carbonic acid 
gas, 18 the best and safest, affording, besides the advantage of great 
accuracy, also a positive guarantee against the chance of confound- 
Ing the arsenie with any other body, more particularly antimony ; 
on which account it is more especially adapted for medico-legal 
Investigations,. 

Take care to have the whole apparatus filled with carbonic acid, 

and to give the proper degree’ 
<MT of force to the gaseous stream, 
A before applying heat. Instead 
S of the gas generating appa- 
ratus shown $ 132, 12, you 
may use the simpler one figured 
in the margin ; the clip being 
provided with an adjusting 
screw, and the stoppers being 
of caoutchouc. A gas gene- 
rating apparatus which does 
not allow of the current being 
regulated is not adapted for 
the present purpose. 

Do not reduce the whole of 
the sulphide of arsenic at once, 
so that if you wish afterwards 
you may repeat the reduction 
several times. If there is too 
little sulphide of arsenic to be 
divided, dissolve it in a few 
drops of ammonia, add a small 
quantity of carbonate of soda, 
evaporate to dryness on the water-bath with stirring and take a 
portion of the mass for the reduction. 

ÖOrTTo recommends* to convert the sulphide into arsenie acid, 301 
before proceeding to the reduction. The following is the pro- 
cess given by him to effect the conversion: Pour concentrated 
nitric acid over the sulphide in the dish, evaporate, and repeat the 
same operation several times if necessary, then remove every trace 
of nitric acid by repeatedly moistening the residue with water, and 
drying again, treat the residue with a few drops of water, add car- 
bonate of soda in powder, to form an alkaline mass, and thoroughly 
dry this in the dish, with frequent stirring, taking care to collect 
the mass within the least possible space in the middle of the dish. 
The dry mass thus obtained is admirably adapted for reduction. 
] can fully confirm this statement ; but I must once more repeat 
that it is indispensable for the success of the operation that the 
residue should be perfectly free from every trace of nitrie acid or 
nitrate, since otherwise deflagration is sure to take place during 
the vr with cyanide ofpotassium, and, of course, the experiment 
will fail. 


* Anleitung zur Ausmittelung der Gifte, von Dr. FR. Jur. Otto, 
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When the operation is finished, cut off the reduction tube at ce 302 
(fig. 45), set aside the fore part, which eontains the arsenical mirror, 
put the other part of the tube into a eylinder, pour water over It, 
and let it stand some time ; then filter the solution obtained, add 
to the filtrate hydrochlorie acid to acid reaction ; then conduct some 
hydrosulphuric acid into it, and observe whether this produces a 





Fig. 45. 


precipitate. In cases where the reduction of the sulphide of arsenic 
has been effected directly, without previous conversion to arsenic 
acid, a trifling yellow precipitate wi ] usually form; had traces of 
antimony been present, the precipitate would be orange-colored and 
insoluble in Br ienN of ammonia. After all the soluble salts of 
the fused mass have been dissolved out, examine the metallic 
residue which may be left, for traces of tin and antimony (nothing 
but traces of these two metals could be present here ifthe instruc- 
tions given have been strietly followed). Should appreciable traces 
of these metals, or either of them, be found, proper allowance 
must be made for this in calculating the weight of the arsenic. 


8. Examination of the reserved Residues, for other Metals of the 
Fifth and Sieth Groups. 


Residue I. This may contain chloride of silver and sulphate of 303 
lead, possibly also binoxide of tin and sulphate of barium. Ineine- 
rate it in a porcelain dish, burn the carbon with the aid of nitrate of 
ammonia, extract the residue with water, dry the part left undis- 
solved, then fuse it with carbonate of soda and eyanide of potas- 
sium in a porcelain crucible. When cold exhaust with water, treat 
the residue with dilute acetic acid to extraet any carbonate of 
baryta, warm any residue which may still be left with nitrie acid, 
and proceed according to $ 181. Test the acetic acid solution for 
baryta with solution of sulphate of lime. 

Residue II. This may contain lead, mercury, and tin, possibly 304 
also, antimony and bismuth. Heat it for some time with nitro- 
hydrochloric acid, and filter the solution ; wash the residue with 
water, at first mixed with some hydrochlorie acid, add the washings 
to the filtrate, and treat the mixture with hydrosulphurie acid. 
Should.a precipitate form, examine it according to $ 191. Incinerate 
the residue insoluble in nitrohydrochlorie acid, fuse the ash with 
cyanide of potassium and treat the fused mass as directed 303. 

Residue III. Examine for the metals of the fifth group according 305 
to $ 193. 

Residue IV. This may contain tin and antimony, perhaps also 306 
copper. Treat it as directed 123. If the color of the residue was 
black (oxide of copper), treat the reduced ımetals according to $ 181. 
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9. Examination of the reserved filtrate for Metals of the Third and 
Fourth Groups, especially for Zine, Chromium, and Thallium * 


a. The filtrate from the hydrosulphuric acid precipitate, has 307 
already been mixed with sulphide of ammonium. The addition 
of this reagent is usually attended with the formation of a 
Bars consisting of sulphide of iron and phosphate of lime, 

ut which may possibly also contain sulphide of zine, sulphide 
of thallium and hydrated oxide of chromium. Filter it off, wash 
with water containing sulphide of ammonium, dissolve by 
warming with hydrochloric acid anda little nitrie acid, evapo- 
rate the filtrate with sulphuric acid in a retort til] quite thick, 
and test the distillate with iodide of potassium and bichloride 
of platinum, and also in the Spectroscope, for THALLIUM 
($ 113, d), as a portion of this metal may have escaped with 
the hydrochloric acid. Treat the residue in the retort with 
water, filter, add carbonate of soda to alkaline reaction, 
and then excess of solution of cyanide of potassium (free from 
sulphide). Heat for some time, filter, reserve the residue on 
the filter (a), mix the filtrate with sulphide of ammonium, 
and examine the precipitate for THALLIUM in the spectroscope. 
Evaporate the Ahead together with the residue a under a 
good draught with excess of sulphurie acid, till some of the 
latter begins to escape, dilute, filter, throw down with ammonia 
and sulphide of ammonium, and test the precipitate for zınc 
and SESQUIOXIDE OF CHROMIUM according: to 156—159. 

db. The fluid filtered from the precipitate produced by sul- 308 
phide of ammonium (307) may contain all the chromium, as 
sulphide of ammonium fails to precipitate sesquioxide of chro- 
ıium completely from solutions containing organic matter, 
To detect it, evaporate to dryness, ignite, mix the fixed residue 
with 3 parts of chlorate of potassa and 1 part of carbonate of 
soda, and project the mixture into a crucible heated to mode- 
rate redness. Allow the mass to cool, and boil with water, 
when a yellow coloration of the Auid will indicate chromium. 
For contirmatory tests see $ 138, 


II. METHoD FOR THE DETECTION or HyDprocyanıc Acı». 
82926. 


Under the term hydrocyanic acid we include cyanide of potas- 309 
sium, which acts in the same way, and being extensively used in the 
arts is much more readily procurable. As hydrocyanie acid may 
easily decompose in presence of the matter of food or the contents 
of the stomach, the analyst must proceed without unnecessary 
delay. However, the acid does not decompose with such extreme 
rapidity as might be imagined, and in fact it is some time before the 
whole of it is lost.+ 

* With reference to the poisonous action of thallium, compare Lamry, Journ. £. 
prakt. Chem, 91, 366. And for the electrolytic method of discovering thallium in 
chemico-legal cases, see MARMS£, Zeitschr. f. anal. Chem. 6, 503, 

t Thus I succeeded in separating a notable quantity of hydrocyanic acid from the 
stomach of a man who had poisoned himself with that acid in very hot weather, and 
whose intestines were not handed to me till 36 hours after death, Again, a dog was 
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Although hydrocyanie acid betrays its presence, even in minute 
quantities, by its odor, still this sign must never be looked upon 
as conclusive. On the contrary, to adduce positive proof of the 
presence of the acid, it is always indispensable to separate it, and to 
convert it into certain known compounds. 

The method of accomplishing this, which I am about to de- 
scribe, is based upon distillation of the acidified mass, and examina- 
tion of the distillate for hydrocyanic acid. Now, as the non- 
poisonous salts, ferro- and ferricyanide of potassium, give by 
distillation likewise a product containing hydroeyanie acid, it is 
indispensable—as Orro observes—first to ascertain whether one of 
these salts may not be present. To this end, stir a small portion 
ofthe mass to be examined with water, filter, acidify the filtrate 
with hydrochloric acid, and test a portion of it with sesquichloride of 
iron, another with sulphate of protoxide ofiron. If no blue precipi- 
tate or coloration forms in either, soluble ferro- and ferrieyanides 
are not present, and you may safely proceed as follows. Ifare- 
action is obtained proceed according to 314. 

Test, in the first place, the reaction of the mass under examina- 310 
tion ; if necessary, after mixing and stirring it with water. Ifit is 
not already strongly acid, add solution of tartaric acid until the 
Auid strongly reddens litmus-paper ; introduce the mixture into a 
retort, and place the body of the retort, with the neck pointing 
upwards, in aniron or copper vessel, the bottom of which is covered 
with a eloth ; fill the vessel with a solution of chloride of caleium, 
and apply heat, so as to cause gentle ebullition of the contents of 
the retort. Conduct the vapors passing over, with the aid of a 
tight-fitting tube, bent at a very obtuse angle, through a Lresıd’s 
condenser,* and receive the distillate in a small weighed flask. 
When about 15 c.c. of distillate has passed over, remove the 
receiver, and replace it by a somewhat larger flask, also previously 
tared. Weigh the contents of the first receiver now, and proceed 
‚as follows: 

a. Mix one-fourth with potassa to strongly alkaline re- 311 
action, add a small quantity of solution of sulphate of prot- 
oxide of iron, mixed with a little sesquichloride of iron, digest 
a few minutes at a very gentle heat, and supersaturate finally 
with hydrochloric acid. A blue precipitate indicates hydro- 
eyanic acid. If ur a very small quantity is present the Huid 
is at first merely colored greenish, but on standing it will de- 
posit blue flakes. 

b. Treat another fourth as directed $ 155, 7, to convert the 312 
hydrocyanic acid into sulphocyanide of iron. As the distillate 
might, however, contain acetic acid, do not neglect to add at 
the end of the process a little more hydrochlorie acid, in order 
to destroy the influence of the acetate of ammonia. 

e. If the experiments a and b have demonstrated the pre- 313 
sence of hydrocyanie acid, and you wish now also to approxi- 


poisoned with hydroeyanie acid, and the contents of the stomach, mixed with the 
blood, were left for 24 hours exposed to an intense summer heat, and then examined: 
tbe acid was still detected. 

* In testing for phosphorus at the same time, the condenser must be entirely of 


glass, and the operation must be conducted in a perfectly dark room. Compare 318. 
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mately determine its quantity, continue the distillation as long 
as the fluid passing over contains hydrocyanic acid ; add one- 
half of the contents of the second receiver to the remaining 
half of the contents of the first, mix the fluid with nitrate of 
silver, then wit ammonia in excess, and finally with nitrie 
acid to strongly acid reaction. Allow the precipitate which 
forms to subside, collect on a tared filter dried at 100°, wash 
the precipitate, dry it thoroughly at 100°, and weigh. Ignite 
the weighed precipitate in a small porcelain crucible, to destroy 
the cyanide of silver, fuse the residue with carbonate of soda 
and potassa (to effect the decomposition of the chloride of silver 
which itmay contain), boil the mass with water, filter, acidify 
the filtrate with nitrie acid, and preeipitate with nitrate of 
silver ; determine the weight of the chloride of silver which 
may precipitate, and deduct the amount found from the total 
weight of the chloride and eyanide of silver. The difference 
gives the quantity of the latter ; by multiplying this by 2017, 
you find the corresponding amount of anhydrous hydrocyanic 
acid; and by multiplying this again by 2—as only one-half of 
the distillate has been used—you find the total quantity of 
hydrocyanic acid which was present in the examined mass. In- 
stead of decomposing the fused silver precipitate by fusion with 
carbonate of soda and potassa, it may be reduced also by means 
of zinc, with addition of dilute sulphuric acid, and the chlorine 
determined in the filtrate. 

Instead of pursuing this indirect method, you may also 
determine the quantity of the hydrocyanic acid by the fol- 
lowing direct method : introduce half of the distillate into a 
retort, together with powdered borax ; distil to a small residue, 
and determine the hydrocyanic acid in the distillate as eyanide 
of silver. Hydrochlorie acid can no longer be present in this 
distillate, as the borax retains it in the retort (WACKENRODER). 

When ferro- or ferricyanides have been detected, J. Orro 314 
recommends to slightly acidify the mass, to add precipitated car- 
bonate of lime in excess and to distil it at 40° or 50° on a water- 
bath. The hydroferro- and hydroferricyanic acids are retained by 
the lime of the carbonate of lime, the hydrocyanic acid distils 
over. The distillation cannot be effected directly over the flame, 
as hydrocyanic acid would pass into the distillate even when fer- 
rocyanides or ferricyanides alone were present. 


III. METHOD FOR THE DETECTION OF PHosPHoRUS. 
227. 


Since phosphorus paste has been employed to poison mice, &c., 315 
and the poisonous action of lucifer matches has become more ex- 
tensively known, phosphorus has not unfrequently been resorted to 
as an agent for committing murder. The chemist is therefore 
occasionally called upon to examine some article of food, or the con- 
tents of a stomach, for this substance. It is obvious tlıat, in cases 
of the kind, his whole attention must be directed to the separation 
of the phosphorus in the free state, or to the production of such re- 
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actions as will enable him to infer the presence of ‚free phosphorus ; 
since the mere finding of phosphorus in form of phosphates would 
prove nothing, as phosphates invariably form constituents of animal 
and vegetable bodies. 


A. Detection of Unowidized Phosphorus. 


1. Ascertain in the first place whether the presence of phos- 316 
phorus is indieated by its smell, or by its luminosity in the dark. 
To this end take care to increase the contact of the phosphorus with 
the air, by rubbing, stirring, or shaking. 

2. Put a little of the substance into a flask, fasten to the loosely 317 
inserted cork a strip of filtering-paper moistened with neutral solu- 
tion of nitrate of silver, and heat to 30° or 40°. Ifthe paper does 
not turn black, even after some time, no unoxidized phosphorus is 
present, and there is consequently no need to try 3 and 4, but the 
operator may at once pass on to 324. If, on the other hand, the 
paper turns black, this is no positive proof of the presence of phos- 
phorus, as hydrosulphurie acid, formic acid, putrifying matters, 
&e., will also cause blackening of the paper. Treat therefore the 
principal mass of the substance now by the methods 3 and 4. (To 
ascertain whether the blackening proceeds from the presence of 
hydrosulphurie acid, try the reaction with a strip of paper moistened 
with solution of lead or with terchloride of antimony.)—T. 
SCHERER.* 

3. As the luminosity of phosphorus is always one of the most 318 
striking proofs of the presence of that element in the unoxidized 
state, examine a large portion of the substance by the following 
excellent and approved method, recommended by E. MitscHEr- 
LICH.Y 

Mix the substance with water and some sulphurie acid or—if 
you are testing for hydrocyanie acid at the same time—tartarie acid, 
and subject the mixture to distillation in a flask, A (fig. 46). This 
flask is connected with an evolution tube, D, and the latter again 
with a glass condensing tube, e ce c, which passes through the 
bottom of a cylinder, B, in which it is fastened by means ofa cork, 
and opens into a glass vessel, ©. Cold water is made to run from 
D through a stopcock, into a funnel, i, the lower end of which rests 
upon the bottom of B; the water flows off through 9.1 

Now, ifthe substance in A contains phosphorus, there will ap- 
pear, in the dark, at the point r, a strong luminosity, usually a 
luminous ring. If you take for distillation 150 grm. of a mixture 
containing only 1'5 mgrm. of phosphorus, and accordingly only 1 
part in 100,000, you may distil over 90 grm., which will take at least 
half an hour—without the luminosity ceasing. MITSCHERLICH, in 
one of his experiments, stopped the distillation after half an hour, 
allowed the flask to stand uncorked a fortnight, and then recom- 
menced the distillation: the luminosity was as strong as at first. 

If the fluid contains substances which prevent the luminosity of 
phosphorus, such as ether, alcohol, or oil of turpentine, no lumino- 
sity is observed so long as these substances continue to distil over. 


* Ann. d. Chem. u. Pharın, 112, 214. 'F Journ. f. prakt. Chem. 66, 238. 
+ A glass LıiEBı@’s condenser may of course be used instead of this apparatus. 
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In the case of ether and alcohol, however, this is soon effected, and 
the luminosity accordingly very speedily makes its appearance; but 
oil of turpentine positively stops the reaction. 
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Fig. 46. 


After the termination of the process, globules of phosphorus are 319 
found at the bottom of the receiver. MITscHERLICH obtained 
from 150 grm. of a mixture containing ‘02 grm. phosphorus, so 
many globules of that body, that the tenth part of them would 
have been amply sufficient to demonstrate its presence. In medico- 
legal investigations these globules should first be washed with alco- 
hol, then weighed. A portion may afterwards be subjected to a 
confirmatory examination, to make quite sure that they really con- 
sist of phosphorus; the remainder, together with a portion of the 
fluid which shows the luminosity upon distillation, should be sent 
in with the report. 

The operation should be conducted in a dark place, best in the 
evening. Where itis performed in the daytime, care should be 
taken to close all avenues to the entrance of licht, as where this is 
not effectively done, the rays of licht entering through some chink 
or erevice, may chance to be reflected by the glass vessel or by the 
fluids, and thus lead to deception. It is advisable to pass the evolu- 
tion tube at b, through the aperture of a screen, to guard effectively 
against reflection of light from the lamp. These precautionary 
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measures are of course necessary only where very minute traces of 
phosphorus are to be detected. 

The residue left in the Hask is then examined for phosphorous 
acid as directed 324. The distillate also may be further examined 
in the same way, to confirm the presence of phosphorus, or to show 
the presence of phosphorous acid formed by the oxidation of phos- 
phorus fumes.* 

4. Put another portion of the substance, with addition of water 320 
if necessary, into a flask with doubly perforated cork, add dilute 
sulphuric acid to acid reaction, conduct washed carbonic acid gas 
(evolved most conveniently from the evolution flask shown p. 159 or 
p- 314) in a slow stream, into the flask, through a glass tube reaching 
nearly to the bottom, and let the gas issuing from another glass tube, 
inserted into the other perforation of the cork, pass through one or 
two U tubes containing a neutral solution of nitrate ofsilver. When 
the flask is filled with carbonie acid, heat it gently on the water- 
bath. Continue the operation for several hours. If free phosphorus 
is present, it will volatilize unoxidized in the carbonic acid stream, 
then pass into the silver solution, where it will be partly converted 
into black phosphide of silver, partly into phosphorie acid. If no 
precipitate forms, you may safely conclude that no unoxidized phos- 
phorus is present, whilst, on tlie other hand, the formation of a 
preeipitate is not suficient proof of the presence of phosphorus, as 
the precipitate may owe its formation to volatile reducing agents or 
.to hydrosulphuric acid. 




























































































Fig. 47. 


If a precipitate has formed, filter through a filter well washed 321 
with dilute nitric acid and water, and wash. The presence of phos- 


* In testing for hydrocyanic acid at the same time, it is best to collect the first 15 0.0, 
of the distillate separately, and to examine this for hydrocyanic acid, the subsequent 
portions for phosphorus, 

I; 4 
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phide of silver in it may be shown by BLoxpLorT’s improved modi- 
fieation of Dussarv’s method,* substituting, however, for the appa- 
ratus used by BLoxnLor, the one shown (fig. 47), which may be 
easily constructed. 

a is a hydrogen-evolution bottle, d contains pumice-stone mois- 

tened with concentrated solution of potassa, ce is a common clip, 
d a screw clip, e a platinum jet, which is kept cool by tying mois- 
tened cotton round it. This platinum jet is indispensable to the 
‘production of a colorless hydrogen flame, as the soda in the glass 
will always color the flame yellow. 

To ascertain whether the zinc and sulphuric acid will give a 

gas quite free from phosphuretted hydrogen, let the evolution go 
on a short time, then close e until the fluid has ascended from a to 
F. Close d, open ce, and regulate d by means of the screws so as to 
obtain a suitable ame. Ifthe flame, viewed in a dark place, is 
colorless, showing no trace of a green cone in the centre, and no 
emerald-green coloration when pressed upon by a piece of porcelain, 
as in MArsn’s experiment, the hydrogen may be considered pure. 
It is advisable to repeat the experiment. Rinse the RR 
under examination into f, take care that every particle of itreaches 
a, then repeat the experiment again. Ifthe precipitate contains 
even a minute trace of phosphide of silver, the green cone in the 
centre of the flame and the emerald-green coloration will now 
become distinetly visible. 

Remove the excess of silver from the solution filtered from the 3933 
silver precipitate, by hydrochloric acid, pass through a filter well 
washed with acid and water, remove the hydrochlorie acid by 
evaporation on the water-bath, take up with nitrie acid, and test for 
phosphoric acid with molybdate of ammonia, or with a mixture of 
sulphate of magnesia, chloride of ammonium, and ammonia (NEU- 
BAUER and FRESENIUS). 

We obtained by this method the clearest evidence of the pre- 
sence of phosphorus in a large quantity of putrid blood mixed with 
the head of a common lucifer match ; and this even in presence of 
substances which prevent the luminosity of the phosphorus in 
MıTscHERLIcH’s method. 

5. If there is suflicient phosphorus present to permit a quanti- 323 
tative determination, this may be effected by SCHERER’s modi- 
fication of MıTscHERLIcH’s method, viz., by distilling the mass, 
acidified with sulphuric acid, in an atmosphere of carbonic acid. 

I would suggest, with respect to this, to have the distilling flask 
furnished with a doubly perforated cork, and to transmit pure car- 
bonie acid gas until the apparatus is filled with it, but then to shut 
off the carbonic acid stream. A flask with doubly perforated cork 
serves for receiver ; the mouth of the condensing tube passes into 
one of the openings; into the other is inserted a bent glass-tube, 
which leads to a. U tube containing a solution of pure nitrate of 
silver. 

When the distillation is over, minute globules of phosphorus 

_ are found in the receiver. A moderate stream of carbonie aeid is 
now once more transmitted through the apparatus, and a gentle 


* Zeitschr. f. anal. Chem. 1, 129. + Ibid. 1, 336. 
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heat applied, with’a view to effect the formation of larger globules 
by aggregation. These are then washed and weighed as in 
Mitscherricn’s method. The fluid poured off the phosphorus 
globules is luminous in the dark when shaken. It requires, how- 
ever,a larger proportion of phosphorus to obtain distinet luminosity 
in this way than is the case with Mıtsch£rLicH’s method. The 
phosphorus in the fluid may, after oxidation by nitrie acid. or 
chlorine, be determined as phosphorie acid. However, the result 
is reliable only if the operation has been conducted with the 
requisite care {o guard against the spirting over of portions of the 
boiling fluid, which often contains phosphoric acid. To obtain 
the remainder of the phosphorus, treat the contents of the U tube 
with nitrie aeid, throw down the silver by hydrochlorie acid, filter 
through a washed filter, concentrate in a porcela'n dish, preeipitate 
the phosphoric acid as phosphate of magnesia and ammonia, and 
weigh it as pyrophosphate of magnesia. 


B. Deteetion of Phosphorous Acid. 


Should all attempts to detect phosphorus fail, try whether it 324 
may not be practicable to find the first product of its oxidation, ü.e., - 
phosphorous acid. For this purpose transfer the residue left in the 
distilling Hask in 318 or in 323, or the residue left in 320, to 
the apparatus illustrated by fig. 47, having previously tested the 
purity of thezine and ei acid, then proceed according to the 
instrustion of 321, and observe whether the coloration of the hy- 
drogen flame reveals the presence of phosphorus (Wönrer). Should 
this be the case, the end in view is attained ; if not, the presence 
of organic = ee may be the preventive cause. If, therefore, 
the ame remfins uncolored, shut the clip at once, connect with 
the apparatus a U tube containing solution of neutral nitrate of 
silver, open the clip again, and let the gas pass for many hours, in 
a slow stream, through the silver solution. If phosphorous acid is 
present, a preeipitate containing phosphide of silver wiıl separate 
in the silver solution ; examine it according to 3231.* 


3. Examination of the Inorganie Constituents of Plants, Animals, 
or Parts of the same, of Manures, &e. (Analysis qf' Ashes.) 


8228. 
A. PREPARATION OF THE AsnH. 


It is suficient for the purposes of a qualitative analysis to inei- 325 
nerate a comparatively small quantity of the substance, which must 
reviously be most carefully eleaned. The incineration is effected 
ar in a small elay muffle, but it may be conducted also in a 
Hessian crucible placed in a slanting position, or under certain 
circumstances, even in & porcelain or platinum dish, with the aid 


* W. Herarann’s statement (Pharm. Journ. 1865, 573), that phosphorie acid is 
also reduced by zine and dilute sulphurie acid, I have not found to be in accordance 
with the facts. Compare my paper in the "a f. anal. Chem. 6, 203, 

bs 
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of a wide glass tube or lamp-glass, to increase the draught. The 
heat must always be moderate, to guard the volatilization of certain 
constituents, especially of chlorides. It is not always necessary 
to continue the combustion until all the carbon isconsumed. With 
ashes containing a large proportion of fusible salts, as the ash of 
beet-root molasses, it is best, after thorough carbonization has been 
effected, to boil with water, and finally to ineinerate the washed 
and dried residue. For further particulars see Quantitative Analysis. 


B. ExAMINATION OF THE AsH. 


As the qualitative analysis of an ash is undertaken, either as 326 

a practical exereise, or for the purpose of determining its general 
character, and the state in which any given constituent may happen 
to be present, or also with a view to make, as far as practicable, an 
approximate estimation of the quantities of the several constituents, 
it is usually the best way to examine separately, the part soluble 
in water, the part soluble in hydrochloric acid, and the residue 
which is insoluble in both. This can be done the more readily, as 
the number of bodies to be looked for is but small. 


a. Examination of the Part soluble in Water. 


Boil the ash with water, filter, and whilst the residue is being 
washed, examine the solution as follows :— 

1. Add toa portion, after heating it, hydrochloric acid in excess, 397 
warm, and allow to stand. Effervescence indicates CARBONIO ACID 
combined with alkalies; smell of hydrosulphuric acid imflicates the 
SULPHIDE OF AN ALKALI METAL, formed from an alkaline sul- 
phate by the reducing action of the carbon. Turbidity from sepa- 
ration of sulphur, with smell of sulphurous acid, denotes a 
HYPOSULPHITE (which occurs occasionally in the ash of coal). 
Filter if necessary, and add chloride of barium to the Auid; a white 
precipitate indicates SULPHURIC ACID. 

2. Evaporate another portion to a small volume, add hydro- 328 
chlorie acid to acid reaction (effervescence indicates CARBONIC 
ACID), test a few drops for BORACIC AcıD with turmeric, evaporate 
to dryness, and treat the residue with hydrochloric acid and water; 

a residue consists of sıLıcıc Acıp. Filter, add ammonia, chloride 
of ammonium, and sulphate of magnesia; a white precipitate indi- 
cates PHOSPHORIC ACıD. Instead of this reaction, you may also 
mix the fluid filtered from the silicie acid with acetate of soda, and 
then cautiously add sesquichloride of iron, or you may evaporate 
with excess of nitrie acid on the water-bath to dryness, treat the 
residue with nitric acid, and test with molybdate of ammonia ($ 142). 

3. Add to another portion nitrate of silver as long as a preeipi- 329 
tate continues to form; warm gently, and then cautiously add 
ammonia; if a black residue is left, this consists of sulphide of 
silver, proceedine from the sulphide of an alkali metal, or from a 
hyposulphite. Filter if necessary, add nitric acid in slight excess, 
to effect the solution of the phosphate of silver precipitate formed, 
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leaving thus only cuzorIıDE (iodide,* bromide) OF SILVER Un- 

dissolved. Filter, and examine the preeipitate as directed 178, 

neutralize the filtrate exactly with ammonia. If this produces a 

light yellow precipitate, the phosphoric acid found in 328 was 

ie: in the tribasie, if a white preeipitate, it was present in the 
ibasic form. 

4. Heat a portion with hydrochlorie acid, then make it alkaline 330 
with ammonia ; mix with oxalate of ammonia, and allow to stand. 
A white preeipitate indicates Lıme. Filter, and mix the filtrate with 
ammonia and phosphate of soda; a erystalline precipitate, which 
often becomes visible only after long standing, indicates MAGNESIA. 
(Magmnesia is often found in distinetly appreciable, lime only in 
exceedingly minute quantity, even where alkaline carbonates and 
phosphates are present.) 

5. For porAssa and sopA examine as directed $ 197. If mag- 
nesia is present, first neutralize with hydrochloric acid, and remove 
the magnesia as directed $ 196, 2. 

6. Lrrura, which is much more frequently found in ashes than 
has hitherto been believed, and oxIDE OF RUBIDIUM, which almost 
constantly accompanies potassa, may be most readily detected by 
the spectroscope in the residue consisting of the alkali salts. 


b. Examination of the Part soluble in Hydrochlorie Acid. 


Warm the residue left undissolved by water with hydrochlorie 331 
acid+—effervescence indicates CARBONIC ACID combined with alka- 
line earths; evolution of chlorine denotes OXIDES OF MANGANESE. 
Evaporate to dryness with a few drops of sulphuric acid, heat a 
little more strongly to separate the sıLicıc ACID, moisten the 
residue with hydrochlorie acid and some nitric acid, add water, 
warm, and filter. Examine the Ber? for BARYTA and 
STRONTIA according to 255. Examine the solution as follows. 

1. Test a portion with hydrosulphurie acid. If this produces 
any other than a perfectly white precipitate, you must examine it 
in the usual way. (The ashes of plants occasionally contain 
COPPER; if the plant has been manured with exerements deodo- 
rized by nitrate of lead, they may contain LEAD, and so on.) 

2. Mix a portion with carbonate of soda, as long as the precipitate 332 
formed redissolves upon stirring; then add acetate of soda, and 
some acetic acid. This produces, in most cases, a white precipitate 
of PHOSPHATE OF SESQUIOXIDE OF IRON, mixed occasionally with 
PHOSPHATE OF ALUMINA. Filter, wash the precipitate, heat it 
with pure potash, filter and test the filtrate for auumınA by acidi- 
fying with hydrochlorie acid, adding ammonia and warming. If 
the tiltrate is reddish, there is more iron present than corresponds 
to the phosphoric acid ; if it is colorless, add sesquichloride of iron 
drop by drop till the fluid is reddish. (The quantity of the preci- 
pitate of phosphate of sesquioxide of iron here formed will give you 
some idea of the amount of PHosSPHORIC Acıp present.) Boil, if 


* To detect the iodine in aquatic plants, dip the plant in weak solution of potassa 
(CHATIN), dry, incinerate, treat with water, and examine the solution as directed 
(258). 

*+ If the residue still contains much carbon after further incineration. 
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the fluid does not lose its color, add more acetate of soda and boil 
again, filter hot, neutralize the filtrate exactly with ammonia, mix 
with sulphide of ammonium in a flask, fill up the latter, close the 
mouth, allow to stand some time and filter. Test the precipi- 
tate according to 141 for MANGANESE and ZINnG (the latter is 
seldom present) ; test the filtrate for LIME and MAGNESIA (330). 
The lime may contain a little srroxtıa and must therefore be 
tested according to p. 98. 
3. Test the rest for FLUORINE according to $ 146, 6. 


c. Ewamination of the Residue insoluble in Hydrochlorie Acid. 


The residue insoluble in hydrochloric acid contains, 

1. The silicie acid, which has separated on treating with hydro- 333 
ehlorie acid. 

2. Those ingredients of the ash which are insoluble in hydro- 
chlorie acid. "These are, in most ashes, sand, clay, carbon; sub- 
stances, therefore, which are present in consequence of defective 
eleaning or imperfect combustion of the plants, or matter derived 
from the erucible. It is only the ashes of the stalk of cereals and 
others abounding in silicic acid that are not completely decomposed 
by hydrochlorie acid. 

Boil the washed residue with solution of earbonate of soda in 334 
excess, filter hot, wash with boiling water, and test for silicie acid 
in the filtrate by evaporation with hydrochlorie acid ($ 150,2). If 
the ash was ot a kind to be aha decomposed by hydrochlorie 
acid, the analysis may be considered finished—for the accidental 
admixture of clay and sand will rarely interest the analyst sufi- 
ciently to warrant a more minute examination by fusing. But if the 
ash abounded in silieie acid, and it may therefore be supposed that 
the hydrochlorie acid has failed to effect complete decomposition, 
evaporate half of the residue insoluble in solution of carbonate of 
soda with pure solution of soda in excess, in a silver or platinum 
dish, to dryness. This decomposes the silicates of the ash, whilst 
but little atfecting the sand. Acidify now with hydrochloric acid, 
evaporate to dryness, &c., and proceed asin 331. For the deteec- 
tion of the alkalies use the other half of the residue, treating this 
according to 228. 


SECTION UL 


EXPLANATORY NOTES AND ADDITIONS TO THE 
SYSTEMATIC COURSE OF ANALYSIS. 


IL, AppvıTıonAL REMARKS TO THE PRELIMINARY EXAMINATION. 
To ss 175—178. 


Tas inspeetion of the physical properties of a body may, as already 
stated, in many cases enable the analyst to draw certain general infe- 
rences as to itsnature. Thus, for instance, if the analyst has a white 
substance before him, he may at once conclude that it is not einnabar, 
or if a light substance, that it is not a compound of lead &e. Inferences 
of this kind are quite admissible to a certain extent; but if carried too 
far, they are apt to mislead the operator, by blinding him to every 
reaction not exactly in accordance with his preconceived notions. 

As regards the examination of substances at a high temperature, 
platinum foil or small iron spoons may also be used in the process ; how- 
ever, the glass tube gives, in most cases, results more clearly evident, 
and affords moreover the advantage that volatile bodies are less likely 
to escape detection. To ascertain the products of oxidation of a body 
it is sometimes advisable also to heat it in a short glass tube, open at 
both ends, and held in a slanting position; small quantities of a metallic 
sulphide, for instance, may be readily detected by this means ($ 156, 6). 

With respect to the preliminary examination by means of the blow- 
pipe, Ihave to remark that the student must avoid drawing positive 
conclusions, until he has acquired some practice. A slight incrustation 
of the charcoal, which may seem to denote the presence of a certain. 
metal, is not always a conclusive proof of the presence of that metal ; 
nor would it be safe to assume the absence of a substance simply because 
the blowpipe flame fails to effect reduction, or solution of nitrate of 
rn of cobalt fails to impart a color to the ignited mass, &c. "The 

lowpipe reactions are, indeed, in most cases, unerring, but it is not 
always easy to produce them, and they are moreover liable to suffer 
modification by accidental circumstances. 

The student should never omit the preliminary examination ; the 
notion that this omission will save time and trouble is very erromeous. 


II. AppırıonaL REMARKS TO THE SOLUTION, ETC., OF SUBSTANCES. 
To 5 179—131. 


It is a task of some difficulty to fix the exact limit between substances 
which are soluble in water and those that are insoluble in that men- 
struum, since the number of bodies which are sparingly soluble in water 
is very considerable, and the transition from sparingly soluble to insoluble 
is very gradual. Sulphate of lime, which is soluble in 430 parts of 
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water, might perhaps serve as a limit between the two classes, since this 
salt may still be positively detected in aqueous solution by the delicate 
reagents which we possess for lime and sulphurie acid. 

hen examining an aqueous fluid by evaporating a few drops of it 
upon platinum foil, to see whether it holds a solid body in solution, a 
very minute residue sometimes remains, which leaves the analyst in 
doubt respecting the nature of the substance. In cases of the kind test, 
in the first place, the reaction of the Auid with litmus-papers; in the 
second place, add to a portion of it a drop of solution of chloride of 
barium; and lastly, to another portion some carbonate of soda. Should 
the fluid be neutral, and remain unaltered upon the addition of these 
le, the analyst need not, as a general rule, examine it any further 
for bases or acids; since if the Huid contained any of those bases or acids 
which prineipally form sparingly soluble compounds, the chloride of 
barium and the carbonate of soda would have revealed their presence. 
The analyst may therefore feel assured that the detection of the sub- 
stance of which the residue left upon evaporation consists will be more 
readily effected in the class of bodies insoluble in water. 

If water has dissolved any part of the substance under examination, 
the student will always do well to examine the solution both for acids 
and bases, since this will lead more readily to a correct apprehension of 
the nature of the compound and will give greater certainty—two ad- 
vanftages which will amply counterbalance the drawback of sometimes 
meeting with the same substance both in the aqueous and in the acid 
solution. 

The following substances (with few exceptions) are insoluble in water, 
but soluble in hydrochlorie acid or in nitrie acid: the phosphates, arse- 
nates, arsenites, borates, carbonates, and oxalates of the earths and 
metals; also several tartrates, citrates, malates, benzoates, and succi- 
nates; the oxides and sulphides of the heavy metals; alumina, mag- 
nesia; many of the metallic iodides and cyanides, &c. Nearly the whole 
of these compounds are, indeed, decomposed, if not by dilute, by boiling 
concentrated hydrochlorie acid ;* but this decomposition gives rise to 
the formation of insoluble compounds where oxide of silver is present, 
and of sparingly soluble compounds in the presence of suboxide of mer. 
cury and lead. This is not the case with nitrie acid, and accordingly 
the latter effects complete solution in many cases where hydrochlorie 
acid leaves a residue. On the other hand, however, nitrie acid leaves, 
besides the bodies insoluble in any simple acid, teroxide of antimony, 
binoxide of tin, binoxide of lead, &e., undissolved, and dissolves many 
other substances less readily than hydrochlorie acid—e. 9, sesquioxide of 
iron and alumina. 

Substances not soluble in water are therefore, briefly, to be treated 
as follows: try to dissolve them in dilute or concentrated, cold or boiling 
hydrochlorie acid; if this fails to effect complete solution, try to dissolve 
a fresh portion in nitrie acid ; if this also faıls, treat the body with aqua 
regia, which is an excellent solvent, more particularly for metallic sul- 
phides. To examine separately the solution in hydrochloric acid or in 
nitrie acid, on the one hand, and that in nitrohydrochlorie acid on the 
other, is, in most cases, neither necessary nor desirable. To prepare a 
solution in nitrie acid or in aqua regia, where the nature ofthe substance 


* For the exceptions see $ 208, 
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does not absolutely demand it, is not advisable, as a solution in hydro- 
‚chlorie acid is much better suited for preeipitation by hydrosulphurie 
acid. Nor is it advisable to concentrate a solution in aqua regia by 
evaporation, to drive off the excess of the acids, as te operation might 
lead to the escape of volatile chlorides, more particularly of chloride of 
arsenic. It is therefore always best to use no more aqua regia than is 
just necessary to effect solution. Solutions prepared with hydrochlorie 
acid generally contain the metallic oxides in the same state of oxidation 
in which they were originally present (except suboxide of mercury, since 
subchloride of mereury by protracted boiling with hydrochlorie acid, 
eradually decomposes into mereury and chloride of mercury). On the 
other hand solutions prepared with nitric acid or aqua regia, frequently 
contain the metallic oxides in a higher state of oxidation, thus, for in- 
stance, protoxide of iron, protoxide of tin, and arsenious acid are con- 
verted into sesquioxide of iron, binoxide of tin, and arsenic acid. 

With regard to the solution of metals and alloys, I have to remark 
that, upon boiling them with nitrie acid, white precipitates will frequently 
form, although neither tin nor antimony be present. Inexperienced 
students often confound such preeipitates with the oxides of these two 
metals, although their appearance is quite different. "These precipitates 
consist simply of nitrates sparingly elle in the nitric acid present, but 
readily soluble in water. Consequently the analyst should ascertain 
whether these white precipitates will dissolve in water or not, before he 
concludes that they consist of tin or antimony. 


III. ApvıtıonaL REMARKS TO THE ACTUAL EXAMINATION. 
To ss 182—204. 


A. GENERAL REVIEW AND ExPLANATION OF THE ANALYTICAL 
ÜOURSE. 


4. DETECTION OF THE BASES, 


The classification of the bases into groups, and the methods which 
serve to detect and isolate them individually, have been fully explained 
in Part I., Section III. The systematic course of analysis, from $ 189 
to $ 198, is founded upon this classification of the bases ; and as a correct 
apprehension of it is of primary importance, I will here subjoin a brief 
explanation of tlıe grounds upon which this division rests. Respecting 
the detection of the several bases individually, I refer the student to the 
recapitulations and remarks in $$ 88—135. 

The general reagents which serve to divide the bases into prineipal 
groups are—HYDROCHLORIC ACID, HYDROSULPHURIC ACID, SULPHIDE 
OF AMMONIUM, and CARBONATE OF AMMONIA: this is likewise the 
order of succession in which they are applied. Sulphide of ammonium 
performs a double part. 

Let us suppose we have in solution the whole of the bases, together 
with arsenıous and arsenie acids, and also phosphate of lime— which 
latter may serve as a type for the salts ofthe alkaline earths soluble in 
acids and reprecipitated unaltered by ammonia. 

Chlorine forms insoluble compounds only with silver and mercury ; 
chloride of lead is sparingly soluble in water. The insoluble subchloride 
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of mercury corresponds to the suboxide of that metal. If, therefore, we 
add to our solution : 


1. Hydrochlorie Acid, 


we remove from it the metallic oxides of the first division of the fifth 
group, viz., the whole of the oxIDE OF SILVER and the whole of the 
SUBOXIDE OF MERCURY. From concentrated solutions a portion of the 
LEAD may likewise precipitate as chloride ; this is, however, immaterial, 
a8 a suflicient quantity of the lead remains in the solution to permit the 
subsequent detection of this metal. 

Hydrosulpburic acid completely preeipitates the oxides of the fifth 
and sixth groups from solutions containing a free mineral acid, since the 
aflınity of the metallic radicals of these oxides for sulphur, and that of 
the hydrogen for oxygen, is sufliciently powerful to overcome the aflinity 
between the metal and the oxygen, and that between the oxide and a 
strong acid, EVEN THOUGH THE ACID BE PRESENT IN EXCEss. But 
none of the other bases are precipitated under these circumstances, since 
those of the first and second groups form no sulphur compounds insoluble 
in water, besides their sulphides cannot possibly form in acid solutions ; 
as regards those of the third group, sulphide of aluminium and sulphide 
of chromium cannot possibly be formed in the humid way; and the 
afinity which the metallic radicals of the oxides of the fourth group 
possess for sulphur, combined with that manifested by hydrogen for 
oxygen, is not sufliciently powerful to overcome the aflinity of the metal 
for oxygen and of the oxide for a strong acid, IF THE LATTER IS PRE- 
SENT IN EXCESS. 

If, therefore, after the removal of the oxide of silver and suboxide of 
mercury, by means of hydrochloric acid, we add to the solution, which 
still contains free hydrochloric acid, 


2. Hydrosulphurie Acid, 


we remove from it the remainder of the oxides of the fifth, together with 

those of the sixth group, viz., OXIDE OF LEAD, OXIDE OF MERCURY, 

OXIDE OF COPPER, TEROXIDE OF BISMUTH, OXIDE OF CADMIUM, 

TEROXIDE OF GOLD, BINOXIDE OF PLATINUM, PROTOXIDE OF TIN, 

BINOXIDE OF TIN, TEROXIDE OF ANTIMONY, ARSENIOUS ACID, and, 
ARSENIC AcıD. Allthe other oxides remain in solution, either unal- 

tered, or reduced to a lower degree of oxidation, e. g., sesquioxide of 
iron, chromic acid, &e. 

The sulphides (at least the higher sulphides) corresponding to the 

oxides of the sixth group combine with basic metallie sulphides (the 

sulphides of the alkali metals), and form with them sulphur salts soluble 

in water; while the sulphides corresponding to the oxides of the fifth 

group do not possess this property, or possess it 2 to a limited. 
extent.* If, therefore, we treat the whole of the sulphides preeipitated 

by hydrosulphuric acid from an acid solution, with— 


3. Sulphide of Ammonium (or, in certain cases, Sulphide of Sodium), 


with addition, if necessary, of some sulphur or yellow sulphide of am- 
monium, the sulphides of mercury, lead, copper, bismuth, and cadmium 
remain undissolved, whilst the other sulphides dissolve as double com- 

* Sulphide of mercury combines with sulphide of potassium and sulphide of sodium, 


but not with sulphide of ammonium ; sulphide of copper dissolves a little in sulphide 
of ammonium, but not in sulphide of potassium or sulphide of sodium. 
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unds of sulphide of GOLD, PLATINUM, ANTIMONY, TIN, ARSENIC, 
with sulphide of ammonium (or, as the case may be, sulphide of sodium), 
and precipitate again from this solution upon the addition ofhydrochloric 
acid, either unaltered, or in a state of higher sulphuration (they take up 
sulphur from the yellow sulphide of ammonium). The rationale of this 
een is as follows :— The acid decomposes the sulphur salt formed. 
he sulphur base (sulphide of ammonium or sulphide of sodium) is de- 
composed by the hydrochlorie acid into chloride and hydrosulphuric 
acid; and the liberated sulphur acid precipitates. Sulphur precipitates 
at the same time if the sulphide of ammonium contains an excess ofthat 
‚element. The analyst must bear in mind that this eliminated sulphur 
‚makes the precipitated sulphides appear of a lighter color than they are 
naturally. 
The sulphides corresponding to the oxides still remaining in solution 
‚are part of them—as those of the alkalies and alkaline earths—soluble in 
water; part—as those of alumina and sesquioxide of chromium—decom- 
sed by water into Iıydrated oxides and hydrosulphuric acid ; part— 
as those of the fourth group—insoluble in water. These latter would 
accordingly have been precipitated by hydrosulphuric acid, but for the 
free acid present. If, therefore, this free acid is removed, i.e., if the 
solution is made alkaline, and then treated with more hydrosulphuric 
acid, if required, or, what will answer both purposes at once, if 
4. Sulphide of Ammonium, 
is added to the solution,* th@ sulphides corresponding to the oxides of 
the fourth group will precipitate : viz., the SULPHIDES OF IRON, MAN- 
GANESE, COBALT, NICKEL, and zınc. But in conjunction with them, 
HYDRATE OF ALUMINA, HYDRATED SESQUIOXIDE OF CHROMIUM, and 
PHOSPHATE OF LIME are thrown down, because the affınity which the 
oxide of ammonium possesses for the acid of the salt of alumina or of 
sesquioxide of chromium, or for that which keeps the phosphate of lime 
in solution, causes the elements of the sulphide of ammonium to trans- 
pose with those of the water, thus giving rise to the formation of oxide 
of ammonium and of hydrosulphuric acid. 'The former combines with 
the acid, the latter escapes, being incapable of entering into combination 
with the liberated oxides or with the phosphate of lime,—the oxides and 
the lime-salt precipitate. 
There remain now in solution only the alkaline earths and the 
alkalies. The neutral carbonates of the former are insoluble in water, 
whilst those o“ the latter are soluble. If, therefore, we now add 


5. Carbonate of Ammonia, 
together with a little pure ammonia, to ouard against the possible for- 
mation of bicarbonates, the whole of the alkaline earths ought to pre- 
eipitate. This is, however, the case only asregards BARYTA, STRONTIA, 
and LIME;+ of magnesia we know that, owing to its disposition to form 


* After previous neutralization of the free acid by ammonia, to prevent unnecessary 
evolution of hydrosulphuric acid: and after previous addition also, if necessary, of 
chloride of anımonium to prevent the precipitation of magnesia by ammonia, 

+ It has been already mentioned in $ 99 that traces of’ these remain in solution 
partiy because their carbonates are not absolutely insoluble in water, but prineipally 
because they are notably soluble in chloride of ammonium. Un account of this de- 
portment we test the filtrate from the carbonate of ammonia precipitate with sulphate 
and oxalate of ammonia (164). In the general explanation of the course given in the 
text, these traces of baryta, strontia, and lime are not taken into account, 
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double compounds with salts of ammonia, it preeipitates onlyin part! 
and that the presence of an additional salt of ammonia will altogether 
prevent its precipitation, at least within a reasonable space of time. T\ 
guard against any uncertainty arising from this cause, chloride of amı 
monium is added previously to the addition ofthe carbonate of ammoniau 
the mixture soon after filtered, and thus the precipitation of the mag: 
nesia is altogether prevented. 

We have now still in solution MAGNESIA and the ALKALIES, The 
detection of magnesia may be effected by means of phosphate of sodss 
and amnıonia; but its separation requires a different method, since the 
presence of phosphoric acid would impede the further progress of the 
analysis. The process which serves to effect the removal of the mag- 
nesia is based upon the insolubility of that earth in the purestate. Thes 
substance under examination is accordingly ignited in order to expell 
the salts of anımonia, and the magnesia isthen precipitated by means of 
baryta, the alkalies, together with the newly formed salt of baryta and! 
the excess of the caustie baryta added, remaining: in solution. By the: 
addition of carbonate of ammonia the compounds of baryta are removed 
from the solution, which now only contains the fixed alkalies, the salt of! 
ammonia formed, and the excess of the salt of ammonia added. If the: 
salts of amınonia are then removed by ignition, the residue consists of’ 
the fixed alkalies alone. But as carbonate of baryta is slightly soluble 
in salts of ammonia, and gives upon evaporation with chloride of am-. 
monium, carbonate of ammonia and chlorjde of barium, it is usually 
necessary, after the expulsion of the salts of ammonia by ignition, to 
precipitate once more with carbonate of ammunia and ä few drops of 
oxalate of ammonia, in order to obtain a solution pertectly free from 
baryta. 

ar: to effect the detection of the AMMONIA, a fresh portion of the 
substance must of course be taken. 










b. DETECTION OF THE Acıps. 


Before passing on to the examination for acidsand salt-radicals, the 
analyst should first ask himself which of these substances may be ex- 
pected to be present, to judge from the nature of the detected bases and 
the class to which the substance under examination belongs with respect 
to its solubility, since this will save him the trouble of unnecessary 
experiments. Upon this point I refer the student to the table in 
Appendix IV. 

The general reagents applied for the detection of the acids are, for 
the inorganic acids, CHLORIDE OF BARIUM and NITRATE OF SILVER, 
for the organic acids CHLORIDE OF CALCIUM and SESQUICHLORIDE OF 
IRON. It istherefore indispensable that the analyst should first assure 
himself whether the substance under examination contains only inorganie 
acids, or whether the presence of organic acids must also be looked for. 
The latter is invariably the case if the body, when ignited, turns black, 
owing to separation of carbon. In the examination for bases the general 
‚cagents serve to effect the actual separation of the several groups of 
bases from each other; but in the examination for acids they serve 
simply to demonstrate the presence or absence of the acids belonging 
to the different groups. 


Let us suppose we have an aqueous solution containing the whole 


of the acids, in combination with soda, for instance 
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Baryta forms insoluble, or dificultly soluble, compounds with sul- 
phuric acid, phosphoric acid, arsenious acid, arsenic acid, carbonic acid, 
silicie acid, boracie acid, chromie acid, oxalic acid, tartarie acid, and 
eitric acid; fluoride of barium also is insoluble, or at least only spa- 
ringly soluble; all these compounds are soluble in hydrochlorie acid, 
with the exception of sulphate of baryta. If, therefore, to a portion of 
our neutral or, if necessary, neutralized solution, we add, 


1. Chloride of Barium, 


the formation of a precipitate will denote the presence of at least one 
of these acids. By treating the precipitate with hydrochloric acid we 
learn at once whether sulphurie acid is present or not, as all the salts 
of baryta being soluble in this menstruum, with the exception of the 
sulphate, a residue left undissolved by the hydrochloric acid can consist 
only of the latter salt. Where sulphate of baryta is present, the re- 
action with chloride of barium fails to lead to the positive detection of the 
whole of the other acids enumerated; for upon filtering the hydro- 
tchlorie solution of the precipitates and supersaturating the filtrate with 
ammonia, the borate, tartrate, citrate, &c., of baryta do not always fall 
down again, being kept in solution by the chloride of ammonium formed. 
For this reason chloride of barium cannot serve to effect the actual 
separation of the whole of the acids named, and, except as regards 
sulphuric acid, we set no value upon this reagent asa means of effecting 
their individual detection. Still it is of great importance as areagent, 
since the non-formation of Pprecipitate upon its application in neutral 
or alkaline solutions proves at once the absence of so considerablesa 
number of acids. 


The compounds of silver with sulphur, chlorine, iodine, bromine, 
eyanogen, ferro- and ferrieyanogen, and of the oxide of silver with 
phosphoric acid, arsenious acid, arsenic acid, boracic acid, chromic acid, 
silieic acid, oxalic acid, tartaric acid, and eitric acid, are insoluble, or difh- 
eultly soluble, in water. 'The whole of these compounds are soluble in 
dilute nitrie acid, with the exception of the chloride, iodide, bromide, 
cyanide, ferrocyanide, Aairyaude, and sulphide ofsilver. If, therefore, 
we add to our solution, which, for the reason just now stated, must be 
perfectly neutral, 

2. Nitrate of Silver, 
and precipitation ensues, this shows at once the presence of one or 
several of the acids enumerated : chromic acid, arsenic acid, and several 
others, which form colored salts with silver, may be individually recog- 
nised with tolerable certainty by the mere color of the precipitate. By 
treating the precipitate now with nitric acid, we see whether it contains 
sulphide of silver or any of the haloid compounds of silver, as these 
remain undissolved, whilst all the oxide salts dissolve. Nitrate of silver 
fails to effect the complete separation of those acids which form with 
oxide of silver compounds insoluble in water, from the same cause which 
renders the separation of acids by chloride of barium uncertain, viz., 
the ammoniacal salt formed prevents the reprecipitation, by ammonia, 
of several of the salts of silver from the acid solution. Nitrate of silver, 
besides effecting the separation of chlorine, iodine, bromine, cyanogen, 
&c., and indicating the presence of chromic acid, &c., serves, like the 
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chloride of barium, to demonstrate at once the absence of a great manyı 
acids, where it produces no preeipitate in neutral solutions. “ 

The deportment which the solution under examination exhibits with! 
chloride of barium and with nitrate of silver, indicates therefore at once: 
the further course of the investigation. Thus, for instance, where: 
chloride of barium has produced a precipitate, whilst nitrate of silver has; 
failed to do so, it is not necessary to test for phosphoric acid, chromie: 
acid, boraeie acid, silicic acid, arsenious acid, arsenic acid, oxalic acid, . 
tartaric acid, and eitric acid, provided always the solution was sufficiently 
concentrated and did not already contain salts of ammonia. The same: 
is the case if we obtain a precipitate by nitrate of silver, but none by; 
chloride of barium. 

Returning now to the supposition which we have made here, viz, , 
that the whole of the acids are present in the solution under examina- . 
tion, the reactions with chloride of barium and nitrate of silver would | 
accordingly have demonstrated already the presence of SULPHURIC! 
AcıD, and led to the application of the special tests for CHLORINE, BRO- - 
MINE, IODINE, CYANOGEN, FERROCYANOGEN, FERRICYANOGEN, and | 
SULPHUR;* and there would be reason to test for all the other acids : 
preeipitable by these two reagents. The detection of these acids is based | 
upon the results of a series of special experiments, which have already 
been fully described and explained in the course of the present work: 
the same remark applies to the rest of the inorganie Be accordingly 
to nitric acid and chlorie acid. 

Ofthe ORGANIC ACIDS, oxalic acid, para@artaric acid, and tartarie acid, 
are precipitated by chloride of caleium in the cold, in presence of chlo- 
ride of ammonium ; the two former immediately, the latter often only 
after some time; but the precipitation of citrate of lime is prevented by 
the presence of salts of ammonia, and ensues only upon ebullition or 
upon mixing the solution with alcohol ; the latter agent serves also tg 
eifeet the separation of malate and succinate of lime from aqueous 
solutions. If, therefore, we add to our fluid, — 


3. Chloride of Oaleium in excess and Chloride of Ammonium, 


OXALIC ACID, PARATARTARIC ACID, and TARTARIC ACID are precipi- 
tated, but the lime-salts of several inorganie acids, which have not yet 
been separated, phosphate of lime for instance, precipitate along with 
them. We must therefore select for the individual detection of the pre- 
eipitated organic acids such reactions only as preclude the possibility of 
confounding the organic acids with the inorganic acids that are thrown 
down along with them. For the detection of oxalic acid we select accord- 
ingly solution of sulphate of lime, with acetic acid ($ 145) ; to effect the 
detection of the tartaric and paratartarie acids, we treat the preeipitate 
produced by ehloride of caleium with solution of soda, since the lime- 
salts öf these two acids only are soluble in this menstruum in the cold, 
but insoluble upon ebullition. 

Of the organic acids we have now still in solution citrie acid and 
malic acid, succinie acid and benzoie acid, acetic acid and formie acid. 
ÜITRIC ACID, MALIC ACID, and SUCCINIC ACID precipitate upon addition 
of alcohol to the fHuid filtered from the oxalate, tartrate, ke of lime, 
which still contains an excess of enloride of ealeium. Suiphate and 


* For the separation and special detection of these substances, I refer to $ 157. 
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borate of lime invariably preeipitate along with the malate, eitrate, and 
‚suceinate of lime, if sulphuric acid and boracic acid happen to be present; 
the analyst must therefore carefully guard against confounding the lime 
precipitates of these acids with those of eitrie acid, malie acid, and 
suceinie acid. The alcohol is now removed by evaporation, and— 


4. Sesquichloride of Iron 


added to the perfectiy neutral Auid. This reagent precipitates the 
BENZOIG AcıD and the rest of the succınıc Acıp in combination with 
sesquioxide of iron, whilst FORMIC ACID and ACETIC ACID remain in 
solution. The methods which serve to effect the separation of the 
several groups from each other, and the reactions on which the indi- 
vidual deteetion of the various acids is based, have been fully described 
and explained in the former part of this work. 


B. SrpecıaL REMARKS AND AÄDDITIONS TO THE SYSTEMATIC ÜOURSE 
OF ANALYSIS. 


I will here call attention to several matters which were necessarily 

assed over in the deseription of the ordinary course of analysis, and I 

shall take the present opportunity of explaining how the course may be 
expanded to meet the detection of the RARE METALS. 


To $ 189. 


+ 
At the commencement of $ 189 the analyst is direeted to mix neutral 
or acil aqueous solutions with hydrochloric acid. This should be done 
drop 7 rop. If no preeipitate forms, a few drops are sufficient, since 
the only object in that case is to acidify the fluid in order to prevent the 
subsequent precipitation of the metals of the iron group by hydrosul- 
phurie acid. In the case of the formation of a preeipitate, some chemists 
recommend that a fresh portion of the solution should be acidified with 
nitrie acid. However, even leaving the fact out of consideration that 
nitrie acid also produces precipitates in many cases—in a solution of 
potassio-tartrate of antimony, for instancee—I prefer the use of hydro- 
chlorie acid, i.e., the complete preeipitation by that acid of all that is 
precipitable by it, for the following reasons : 1. Metals are more readily 
precipitated by hydrosulphurie acid from solutions acidified with hydro- 
chloric acid, than from those acidified with nitrie acid; 2. In cases 
where the solution contains silver, suboxide of mercury, or lead, the 
further analysis is materially facilitated by the total or partial precipita- 
tion of these three metals in the form of chlorides; and 3. This latter 
form is the best adapted for the individual detection of these three metals 
when present in the same solution. Besides, the application of hydro- 
chlorie acid saves the necessity of examining whether the mercury, 
which may be subsequently deteeted with the other metals of the fifth 
oup, was originally present in the form of oxide or in that of suboxide. 
hat the lead, if present in large proportion, is obtained partly in the 
form of a chloride, and partly in the preeipitate produced by hydro- 
sulphurie acid in the acid solution, can hardly be thought an objection 
to the application of this method, as the removal of the larger portion 
of the lead from the solution, effected at the commencement, will onl 
serve to facilitate the examination for other metals of the fifth and 
sixth groups. 
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As already remarked, a basic salt of teroxide of antimony may separate 
from potassio-tartrate of antimony, for instance, or from some other 
analogous compound, and precipitate along with the insoluble chloride 
of silver and subchloride of mercury, and the sparingly soluble chloride 
of lead. This precipitate, however, is readily soluble in the excess of 
hydrochlorie acid which is subsequently added, and exercises therefore 
no influence whatever upon the further process. The application of 
heat to the Auid mixed with hydrochloric acid is neither necessary nor 
even advisable, since it might cause the conversion of a little of the 
precipitated subchloride of mercury into chloride. 

Should bismuth, antimony, or metastannie acid be present, the addi- 
tion of the washings of the precipitate produced by hydrochlorie acid to 
the first filtrate will cause turbidity. The turbidity is occasioned, in the 
case of bismuth and antimony, by the insuflicieney of the free hydro- 
chloric acid present to prevent the separation of basic salt, in the case of 
metastannic acid, by the metastannic chloride being first preeipitated, 
then redissolving in the wash water, and then meeting with hydro- 
chlorie acid in the filtrate. This turbidity exereises, however, no in- 
fluence upon the further process, since hydrosulphuric acid as readil 
converts these finely-divided precipitates into sulphides as if the metals 
werein actual solution. 

In the case of alkaline solutions, the addition of h drochlorie acid 
must be continued until the fHuid shows a strongly BE reaction. The 
substance which causes the alkaline reaction combines with the h dro- 
chlorie acid, and the bodies originally dissolved in that alkaline sub- 
stance separate. Thus, if the alkali is present in the free state, oxide of 
zinc, for instance, or alumina, &c., may precipitate. But these oxides 
will redissolve in an excess of hydrochloric acid, whereas chloride of 
silver will not redissolve, and chloride of lead only with difieulty. Ifa 
metallic sulphur salt is the cause of the alkaline reaction, the sulphur 
acid, e. g., tersulphide of antimony, precipitates upon the addition of the 
hydrochloric acid, whilst the sulphur base, e. g., sulphide of sodium, 
transposes with the constituents of the hydrochlorie acid, forming 
chloride of sodium and hydrosulphuric acid. "If an alkaline carbonate, a 
eyanide, or the sulphide of an alkali metal is the cause of the alkaline 
reaction, carbonic acid, or hydrocyanie acid, or hydrosulphuric acid 
escapes. All these phenomena should be carefully observed by the 
analyst, since they not only indicate the presence of certain substances, 
but demonstrate also the absence of entire groups of bodies. 


Precipitates are produced also by hydrochloric acid in solutions containing thallium, 
alkali salts of antimonic acid, tantalic acid, niobie acid, molybdie acid, and tungstic 
acid. The antimonic, tantalic, and molybdic preeipitates dissolve (the tantalic acid 
precipitate to an opalescent fluid), whilst the CHLORIDE OF THALLIUM, NIOBIG ACID, and 
TUNGSTIC ACID do not dissolve in excess of hydrochlorie acid. The latter therefore 
remain with the precipitate, which may also contain chloride of Silver, subchloride of 
mercury, chloride of lead, and silicic acid. Separation of sulphur ensuing after some 
time on addition of hydrochlorie acid, accompanied by the odor of sulphurous acid in- 
dicates HYPOSULPHUROUS ACID. If you have cause to test for rare metals, after ex- 
hausting the precipitate with boiling water, examine the fluid for THALLIUM by iodide 
of potassium (confirming by the spectroscope). On exhausting again with ammonia 
to dissolve out the chloride of silver, and treating the residue with nitrie acid, the 
niobic, tungstic, and silicic acids will remain behind. The two first may be separated 
from tbe latter by fusing with bisulphate of potassa, treating with water, and finally with 
dilute solution of carbonate of ammonia, They may be separated from each other by 
treating the solution with excess of sulphide of aımmonium, 


SPECIAL NOTES TO $$ 190, 191. 337 


To$&s 190 and 191. 


A judieious distribution and economy of time is especially to be 
studied in the practice of analysis; many of the operations may be car- 
ried on simultaneously, which the student may readily perceive and 
arrange for himself. For instance, after throwing the hydrosulphurie 
acid precipitate on the filter, you may test the first drops of tlıe filtrate 
with sulphide of ammonium to see if there is any metal of that group 

resent, and if this is not the case you may proceed to test with car- 
hatars of ammonia. You will thus be able, while washing the hydro- 
sulphurie acid precipitate, to throw down the filtrate with the proper 
group test. Again, while you are treating the first precipitate with 
sulphide of ammonium yon may wash the second precipitate. 

In cases where tlıe analyst has simply to deal with metallic oxides of 
the sixth group (e. g., teroxide of antimony) and of the fourth or fifth 
group (e.g., iron or bismuth), he need not preeipitate the acidified 
solution with hydrosulphuric acid, but may, after neutralization, at once 
add sulphide of ammonium in excess. The sulphide of iron, &e., will in 
that case precipitate, whilst the antimony, &e., will remain in solution, 
from which they will, by addition of an acid, at once be thrown down as 
tersulphide of antimony, &c. This method has the advantage that the 
fluid is diluted less than is the case where solution of hydrosulphuric acid 
is employe:l, and that the operation is performed more expeditiously and 
conveniently than is the case where hydrosulphuric acid gas is conducted 
into the fluıdd. I must again call attention to the very constant occur- 
rence of mistakes through the use of spoilt hydrosulphurie acid water, 
through the use of an insufficient quantity of good hydrosulphurie acid 
water, or through passing the gas into a solution containing a too large 
excess of hydrochlorie or nitrie acid. Imagine a very acid solution 
containing iron and bismuth; if you pass hydrosulphurie acid gas or 
add a few drops of the water, no precipitate will be produced ; and if in 
the idea that no metal of the hydrosulphurie acid group is present, you 
then add sulphide of ammonium, you will obtain a precipitate containing 
the sulphides of iron and bismuth; and on treating this with dilute 
hydrochlorie acid, the sulphide of bismuth will remain asa black residue 
indicating the presence of nickel or cobalt. In this case you should have 
either diluted the fluid considerably before passing the gas, or added a 
large «mantity of hydrosulphuric acid water; when the bismuth would 
have been precipitated in its proper place. Avain, arsenic acid may be 
easily missed if the action of tie hydrosulphuric acid is not supplemented 
by heat. 

i If the hydrosulphurie acid precipitate is not well washed, on warmin 
it with nitrie acid the sulphide of mercury may dissolve from the pre- 
sence of hydrochlorie acid, and on testing the action of sulphide of am- 
monium the results will not be trustworthy. 

It happens occasionally that in treating acid solutions with hydro- 
sulphuric acid, or in decomposing by hydrochlorie acid the sulphide 
of ammonium used to effect the solution of sulphides of the sixth group 
that may be present, precipitates are obtained which look almost like 
pure sulphur, and thus leave the analyst in doubt whether it is really 
requisite to examine them for metals. In such cases the precipitate ma 
be first washed, then dried, and treated finally with sulphide of carbon, 

E 2 
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to remove the sulphur ; this will show whether or not a trifling quantity 
of a sulphide is mixed with the sulphur. | 

The following sulphides of the rarer elements pass into the precipitate produced by 
hydrosulphuric acid in an acid solution : the sulphides of palladium, rhodium, osmium, 
ruthenium, iridium, ® molybdenum, tellurium, selenium, and possibly of thallium.r 

The following rare compounds cause separation of sulphur, by decomposing the 
hydrosulpliuric acid ; the higher oxi-les and chlorides of manganese and cobalt, vanadie 
acid (with blue coloration of the fluid), nitrous acid, sulphurous acid, hyposulphurous 
acid, hypochlorous and chlorous acids, bromie acid, and iodie acid. 

On treating tlıe precipitate with sulphide of ammonium (sulphide of sodium), the 
sulphides of iridium, molybdenum, tellurium, and selenium dissolve, whilst the sulpliides 
of palladium, rhodium, osmium, and ruthenium, and of thallium, remain undissolved. 


To 8 192. 


If a precipitate containing all the sulphides of the sixth group, preeipitable by hy- 
drosulphurie acid, from acid solution, (of tin, antimony, arsenic, tellurium, seleniunı, 
molybdenum, gold, platinum, and iridium) is fused, according to $ 192, with carbonate 
and nitrate of soda, and the fused mass treated with cold water, the TELLURIC ACID, 
SELENIC ACID, and MOLYBDIC AcID dissolve with the arsenic acid, whilst the IRIDIUM 
is left undissolved with the binoxide of tin, antimonate of soda, gold, and platinum. 

For the way of detecting the rare elements in the solution and in the precipitate, 
see $ 135. 


To $ 198. 


Besides the methods described in the systematic course, to separate 
cadmium, copper, lead, and bismuth, the following process will also be 
found to give highly satisfactory results. Add carbonate of soda to the 
nitric acid solution as long as a precipitate continues to form, then solu- 
tion of cyanide of potassium in excess, and heatgently. This effects the 
complete separation of lead and bismuth in the form of carbonates, whilst 
copper and cadmium are obtained in solution in the form of cyanide of 
vopper and potassium, and cyanide of cadmium and potassium. Lead 
and bismuth may now be readily separated from one another by means 
of sulphuric acid. The separation of the copper from the cadmium is 
etfected by adding to the solution of the cyanides of these two metals in 
eyanide of potassium, hydrosulphuric acid in excess, @ently heating, and 
then adding some more cyanide of potassium, in order to redissolve the 
sulphide of copper which may have precipitated along: with the sulphide 
of cadmium. A residuary yellow precipitate (sulphide of cadmium), 
insoluble in the eyanide of potassium, demonstrates the presence of cad- 
mium. Filter the fluid from this precipitate, and add hydrochloric acid 
to the filtrate, when the formation of a black precipitäte (sulphide of 
copper) will demonstrate the presence of copper, 

Where there is reason to suppose that the precipitate containing the sulphides of the 
fifth group contains also the sulphides of palladium, rhodium, osmium, ruthenium, or 


thallium, first test a portion in the spectroscope for thallium, and then proceed as follows: 
Fuse the precipitate with hydrate of potassa and chlorate of potassa, heat, ultimately 





* "The metals of the platinum ores are precipitate with diffieulty by hydrosulphurie 
acid. To attain the end in view, bydrosulphurie acid gas must be perseveringly con- 
ducted into the fluid, and heat applied at the same time. 

+ Tungsten and vanadium are not found in the precipitate thrown down from au 
acid solution by hydrosulphuric acid. They can be present only where the Auid has 
first been mixed with sulphide of ammonium, then with acid in excess ; but in that 
case the sulphides of nickel and cobalt will also be fonnd with those of the fifth and 
sixth groups. Ihallium, although it is not precipitated from acid solutions by hydro- 
sulphuric acid under ordinary circumstances, may be thrown down in combination with 
sulphide of arsenic. 
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to redness, let cool, then treat the mass with water. The solution contains osmate 
and ruthenate of potassa, which latter imparts a deep yellow color to it. If the Auid 
is cautiously neutralized with nitrie acid, BLACK SESQUIOXIDE OF RUTHENIUM separates ; 
if more nitrie acid isadded to the filtrate, and the fluid then distilled, osMIC ACID passes 
over. If the residue left upon the extraction of the fused mass with water is gently 
ignited in hydrogen gas,* then cautiously treated with dilute nitrie acid, the copper, 
lead, &c., are dissolved, whilst the rhodium and palladium are left undissolved. The 
PALLADIUM may then be dissolved out of the residue by means of aqua reyia, leaving 
the RHODIUM undissolved. For the further examination of the isolated metuls, I refer 
to$ 124. A separate portion of the preeipitate of the sulphides must be examined for 
mercury, in the event of the above process being adopted. 


To$ 194. 


Assuming all elements not yet precipitated to be present in the fluid filtered from 
the precipitate produced in an acid solution by hydrosulphurie acid, the precipitate 
produced by addition of chloride of ammonium to this filtrate, neutralization with 
ammonia, and addition of sulphide of ammonium in excess, will contain the following 
elements: 

a. In the form of sulphides: cobalt, nickel, manganese, iron, zine, uranium, thal- 
lium, indium ; 

b. In the form of oxides: aluminium, beryllium, thorium, zirconium, yttriun, 
erbium, cerium, lanthanium, didymium, chromium, titanium, tantalum, niobium. f 

Where there is reason to suspect the presence of some of the rare elements in the 

preeipitate, the following method may be recommended as the most suitable in many 
cases: 
1. Dry the greater part of the washed precipitate, ignite in a porcelain crucible, 
then fuse perseveringly in a platinum crucible with acid sulphate of potassa ; let the 
fused mass cool, soak in cold water, and digest for some time without application of 
heat. Filter the s:lution from the residue. 

"The RESIDUE, which contains the acids of tantalum and niobium, and may contain 
also gilicie acid and a little undissolved sesquioxide of iron and sesquioxide of chro- 
mium, gives, on fusion with hydrate of soda, and somie nitrate of soda, a mass out of 
which dilute solution of soda will dissolve chromate and silicate of potassa, leaving 
undissolved, with the sesquioxide of iron, tantalate and niobate of soda (being in- 
soluble in solution of soda). After removing the excess of soda, treat repeatedly with 
a very dilute solution of carbonate of soda, in which the NIOBATE of soda dissolves 
much more readily than the TantaLare. For the further examination compare $ 104, 
10 and 11. 

Treat the SOLUTION, which contains all the other bases, &e., of the third and fourth 
groups, with hydrosulphurie acid, to reduce the sesquioxide of iron, dilute considerably, 
heat to boiling, and keep boiling for some time, whilst conducting carbonie acid into 
the Auid. Ifa precipitate is formed, examine this for TITANIC ACID ; it may possibly 
contain also a little ZIRCONIA. 

Concentrate the filtrate by evaporation, with addition of some nitrie acid ; preeipi- 
tate with ammonia, filter, and wash ; redissolve the washed preeipitate in hydrochlorie 
acid, and precipitate again with ammonia. This will give almost the whole of the 
ZINO, MANGANESE, NICKEL, and COBALT in solution, whilst the earths are left undis- 
solved with the oxides of iron, indium, uranium, and chromium. KRedissolve the pre- 
eipitate in hydrochlorie acid, and add concentrated solution of potassa, without apply- 
ing heat, This will leave in solution the sesquioxide of chromium, the alumina, and 
the berylla whilst precipitating the other earths with the oxides of iron, indium, and 
uranium. Dilute the alkaline solution, and boil some time ; this will throw down 
the berylla, and the sesquioxide of chromium, leaving the ALUMINA in solution. The 
latter earıh may then be precipitated by chloride of anımonium. Fuse the precipitate 
of berylia and sesquioxide of chromium with carbonate of sodaand chlorate of potassa, 
and separate the BERYLLA from the CHROMIG ACID in the same way in which the sepa- 
ration of alumina from chromie acid is effected ($ 103). 

The preeipitate, which contains the oxides ofiron,indium, and uranium, and the earths 
iusoluble in potassa, may also contain oxide of chromium, and under certa'n eircum- 
stances, €. g., in presence of yttria and sesquioxide of cerium, also alumina and berylla. 


EEE N a De ern er er rn 


* Cadmium may escape in this operation. . 
+ Of niobie acid only the trifling traces redissolved on the precipitation by 
hydrochloric acid can be present here. 
| 22 
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Dissolve it in bydrochlorie acid, remove an over-large excess of the acid by evapora- 
tion, dilute, add carbonate 0f baryta, and let the mixture stand from four to six hours 
in the cold. 

The precipitate produced contains the SESQUIOXIDE OF IRON, OXIDE OF INDIUM, and 
possibly ALUMINA, sesquioxide of chromium. and SESQUIOXIDE OF URANIUM. Separate 
the latter in a portion of the precipitate by redissolving in hydrochloric acid, and add- 
’Dg excess of bicarbonate of soda. Test another portion in the spectroscope for INDIUM, 
and another by fusing with carbonate of soda and chlorate of potassa for OHROMIUM. 

To the filtrate from the carbonate of baryta precipitate, first add sulphurie acid to 
remove baryta, filter, concentrate strongly by evaporation, neutralize exactly with potassa 
(leaving the reaction rather acid than alkaline), add neutral sulphate of potassa in 
erystals, boil, and let the fluid stand twelve hours. Then filter, and wash with a solu- 
tion of neutral sulphate of potassa. The filtrate contains that portion of the berylla 
which may have escaped solution by potassa, also yttria and oxide of erbium. These 
substances are precipitated by ammonia, and may then easily be separated by treating 
with a concentrated warm solution of oxalie acid, in which the BERYLLA is soluble, 
whilst the oxalates of YTTRIA, and of OXIDE OF ERBIUM, are left undissolved. Now 
boil the precipitate of the double sulphates repeatedly in water, with addition of 
some hydrochlorie acid, which will dissolve the THORIA and the OXIDES OF CERIUM, 
leaving the sulphate of zırooNIA and potassa undissolved. The thoria and the oxides 
of cerium may then be precipitated from the solution by ammonia, and tested by the 
reactions described ’in & 104. 

2. Test a portion of the remainder of the precipitate in the spectroscope for THAL- 
LIUM (and also indium). To be more sure about thallium, dissolve a portion of the pre- 
eipitate in boiling dilute hydrochlorie acid, treat with sulphurous acid till sesquioxide 
of iron is reduced, nearly neutralize with ammıonia, and then test with iodide of potas- 
sium. The precipitate must, under all eireumstances, be further examined in the 
spectroscope. 


To $$ 195198. 


The fluid filtered from the precipitate produced by sulphide of ammonium may not 
only contain the alkaline earths and the alkalies, but some nickel, and also vanadie 
acid and that portion ofthe tungstic acid which has been left unpreeipitated by hydro- 
ehloric acid. The nickel, the vanadie acid, and the tungstic acid, are present as sul- 
phides dissolved in the excess of sulphide of anımonium ; they are thrown down in that 
form by just acidifying the fluid with hydrochlorie acid. Filter the precipitate, wash, 
dry, fuse with carbonate of soda and nitrate of potassa, and treat the fused mass with 
water ; this will dissolve the vanadate and tungstate of potassa, leaving the protoxide 
of nickel undissolved. From this solution the vanadic acid may be separated by means 
of solid chloride of ammonium, the tungstic acid by evaporating with bydrochlorie acid 
and treating the residue with water. The two acids may then be examined as directed 
$113, d,and$ 13 ,c. 

For the detection of lithivm, cssium, and rubidium, I refer to the analysis of mineral 
waters (259 and 260). 

To N 203. 


If the rare elements are taken into account, the number of bodies which may re- 
main undissolved on treating a substance with wat: r, hydrochlorie acid, nitrie acid, 
and aqua regia, is much enlarged. The following bodies, more especially, are either 
generally, or in the ignited state, or in certain combinations, insoluble or slowly and 
sparingly soluble in acids : 

Berylla, thoria, and zirconia, sesquioxide of cerium, titanie acid, tantalic acid, niobie 
acid, molybdic acid, tungstie acid, rhodium, iridium, osmio-iridium, ruthenium. 

When you have, in the systematic course of analysis, arrived at 208, fuse the 

substance, free from silver, lead, and sulphur, with carbonate of soda and some nitrate 
of potassa, extract the fused mass repeatedly with hot water, and, if a residue is left, 
fuse this some time, in a silver eru«ible, with hydrate of potassa and nitrate of potassa, 
and again treat the fused mass repentedly with water. The alkaline solutions, which 
may be examined separately or together, may contain berylla, a portion of the titanic 
acid, tantalie acid, nıobic acid, molybdic acid, tungstic acid, osmie and ruthenic acids, 
and a portion of tlıe iridium. 
_  Ifthe residue left undissolved by the preceding operation isfused with acid sulphate 
of potassa, and the fused mass treated with water, tlıe thoria, zirconia, aud sesquioxide 
of cerium, the remainder of the titanice acid and the rhodium will dissolve, A resi- 
due left by this operation may consist of platinum ore metals, and had best be mixed. 
with chloride of sodium, and ignited in a stream of chlorine. 
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With respect to the separation and detection of the several elements that have 
passed into the different solutions, the requisite directions and instructions have been 
given in the third section of Part I., and ın the additional remarks to $$ 189-198. 


To $ 204. 


The analysis of eyanogen compounds is not very easy in certain cases, 
and it is sometimes a difheult task even to ascertain whether we have 
really a cyanide before us or not. However, if the reactions of the sub- 
stance upon igenition (8) be carefully observed, and also whether upon 
boiling with hydrochlorie acid any odor of hydrocyanic acid is emitted 
(35), the presence or absence of a cyanide will generally not remain a 
matter of doubt. 

It must above all be borne in mind that the insoluble cyanogen com- 
pounds occurring in pharmaey, &e., belong to two distinet classes, 
viz., they are either SIMPLE CYANIDES, Or COMPOUNDS OF METALS 
WITH FERROCYANOGEN or some other analogous compound radical. 

All the simple cyanides are decomposed by boiling with concentrated 
hydrochlorie acid into metallic chlorides and hydrocyanie acid. Their 
analysis is therefore never dificult. But the ferrocyanides, &c., to 
which indeed the method described $ 204 more exclusively refers, suffer 
by acids such complicated decompositions that their analysis by means 
of acids is a task not so easily accomplished. Their decomposition by 
potassa or soda is far more simple. The alkali yields its oxygen to the 
metal combined with the ferrocyanogen, &e., the oxide thus formed 
preeipitates, and the reduced potassium or sodium forms with the 
liberated radical soluble ferroeyanide, &c., of potassium or sodium. 
But several oxides are soluble in an excess of potassa, as, e.g., oxide of 
lead, oxide of zine, &e. If, therefore, the double ferrocyanide of zinc 
and potassium, for instance, is boiled with solution of caustic potassa, it 
dissolves completely, and we may assume that the solution contains 
ferrocyanide of potassium and oxide of zine dissolved in potassa. Were 
we to add an acid to this solution, we should of course simply re-obtain 
the original precipitate of the double ferrocyanide of zine and potassium, 
and the experiment would consequently be of no avail. To prevent this 
failure, we conduct hydrosulphuric acid into the solution in potassa, 
but only until the precipitable oxides are completely thrown down, and 
not until the solution smells of sulphuretted hydrogen. This serves to 
sonvert into sulphides all the heavy metals which the potassa holds in 
solution as oxides. Those sulphides which are insoluble in potassa, such 
as sulphide of lead, sulphide of zine, &e., precipitate, whilst those which 
are soluble in alkaline sulphides, such as bisulphide of tin, tersulphide 
of antimony, &c., remain in solution. To effect the detection of these 
also, the fluid is now acidified and, if necessary, more hydrosulphurie 
acid conducted into it. 

In the filtrate from the oxides and sulphides we have still those 
metals which form compound radicals with cyanogen, and also alumina, 
which has dissolved in the original treatment with potash, and would 
not have been separated. Finally also the other acids must be tested 
for here. It is therefore directed to divide the solution into two parts, 
and to test one for acids, the other for alumina and those metals which 
form compound radicals with cyanogen. The prescribed heating ofthis 
second part with concentrated sulphuric acid has the effect of decompos- 
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ing the cyanogen compounds, and converting the metals into sulphates. 
which remain behind (H. Rose£*). 

If you simply wish to examine for bases in simple or compound 
eyanides, and for that purpose to destroy the cyanogen compound, it 
will suflice to heat the powdered substance in a rn dish with con- 
centrated snlphuric acid diluted with a little water, till almost all the 
tree acid is driven off. The residue will consist of sulphates which are 
to be dissolved in hydrochloric acid and water. 

The reason why ferrocyanides and similar compounds which have 
been fully washed with water, require to be tested for alkalies is 
because alkaline ferrocyanides, &e., are often precipitated along with 
insoluble ferrocyanides, &c., and cannot be removed by washing. 


* Zeitschr. f. anal. Chem, 1, 194, 


APPENDIX. 


I. 


DEPORTMENT OF THE MOST IMPORTANT MEDICINAL ALKALOIDS 
wırun REAGENTS, AND SYSTEMATIC METHOD OF EFFECTING 
THEIR DETECTION. 


Tr detection and separation of the alkaloids is far more difhieult than 
the detection and separation of the inorganic bases. In many cases the 
combinations in which an alkaloid can be separated from others are not 
suffieiently insoluble to allow of an actual separation, in other cases we 
only know the outward appearance of a reaction and not its cause, and 
are Be ignorant of the conditions which may modify its action ; 
again, many alkaloids may be said to have no characteristic reaction 
whatever. 

However, in the following pages the subjeet will be treated as 
thoroughly as our knowledge will allow, the more commonly oceurring 
alkaloids being included, viz., nicotine, conine, morphine, narcotine, 
quinine, cinchonine, strychnine, brucine, veratrine, and atropine. 

This appendix will be divided into the following sections: 

A. General reagents for the alkaloids. 

B. Properties and reactions of the individual alkaloids, arranged in 
groups. (In this section certain non-nitrogenous bodies are included 
which are allied to the alkaloids as poisons or are employed in their 
adulteration, namely, salicine, digitaline, and picrotoxine.) 

C. Systematic course for the detection of an alkaloid when only one 
is present. 

D. Systematic course for the detection of alkaloids when several 
may be present. 

E. Detection of alkaloids in the presence of other organic substances. 


A. GENERAL REAGENTS FOR THE ALKALOIDS. 
8 230. 


By general reagents for the alkaloids I mean reagents by which they 
are all or nearly all precipitated. These are well suited to test 
senerally for the presence of an alkaloid in a fluid, and may serve to 
separate alkaloids from their solutions, but they cannot be employed to 
distinguish individual alkaloids except in a subordinate degree. 

These reagents are as follows : bichloride of platinum, a solut/on of 
iodine in iodide of potassium (WAGNER*), double iodide of mercurvand 
potassium (V. Pranrtat), double iodide of cadmium and potassıum 


* Zeitschr. f. anal. Chem. 4, 387. 
+ His Verhalten der wichtigsten Alkalvide gegen Reagentien, Heidelberg, 1846. 
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(MARrnmE*), double iodide of bismuth and potassium (DRAGENDORFF}), 
phosphomolybdie acid (DE Vrı, SONNENSCHEIN}), phosphoanti- 
monic acid (Fr. SCHULZES), metalungstic acid (SCHEIBLER]||), pieric 
acid (H. HAGerS), 

BICHLORIDE OF PLATINUM forms with the’ hydrochlorates of the 
alkaloids compounds analogous to the ammonio-bichloride of platinum. 
Some of these compounds are diffieultly soluble in water, some are 
rather easily soluble. They are best obtained and most completel 
separated by mixing the solutions with a suflicient quantity of Hehe 
ot platinum, evaporating nearly to dryness and treating with alcohol. 
They have a yellow color of various shades, some are crystalline, some: 
floceulent, and in general they are more soluble in hydrochlorie acid 
than in water. | 

A solution of I0DINE IN IODIDE oF POTASSIUM (containing 12.7 
grm, free iodine in 1 litre) precipitates the solutions of the salts of ail the 
alkaloids. The preeipitates are brown and Hocculent. Their formation and 
separation is assisted by acidifying with sulphurie acid, By washing the 
precipitate, dissolving it in solution of sulphurous acid and evaporating 
on the water-bath to remove the excess of sulphurous acid and the 
hydriodic acid, the alkaloid will remain in combination with sulphurie 
acid. If the preeipitate was separated from a Huid containing a 
quantity of other organic substances, before proceeding as just stated, 
dissolve it in a dilute solution of hyposulphite of soda, filter, and re- 
precipitate with iodine solution.** 

loDIDE OF MERCURY AND POTASSIUM precipitates the solutions of 
the salts ofall the alkaloids, The precipitates are white or yellowish 
white, insoluble in water and dilute hydrochlorie acid. 

IopıpE OF CADMIUM AND POTASSIUMfF precipitates the solutions 
of salts of the alkaloids after acidification with sulphurie acid, even 
when very dilute. The precipitates are at first all Hocculent and white, 
some of them soon become erystalline. They are insoluble in ether, 
readily soluble in alcohol, less soluble in water, readily soluble in 
excess of the precipitant. They have a tendency to decompose by long 
standing. The alkaloids may be obtained from the undecomposed pre- 
cipitates by mixing with an alkaline carbonate or hydrate and water, 
and shaking with benzol, amylic alcohol, ether, ör the like. 

loDIDE OF BISMUTH AND PoTassıumtt added drop by drop to- 


* Zeitschr. f. anal. Chem. (0, 25% t Ib. 5, 406. 
+ Ann. d. Chem. u. Pharm. 104, 47. $S Ib. 109, 179. 
| Journ. f. prakt. Chem. 80, 211. Pharm. Centralhalle. 10r Jahrg., 131. 


** By dissolving the brownish-red precipitate produced by mixing the iodine solu- 
tion with a salt of strychnine in alcohol containing sulphurie acid and evaporating, 
prismatic erystals of strong polarizing power will be obtained (DE VRIJ and VAN DER 
Burg, Jahresber. von Lisgie u. Kopp, 1857, 602). Until the optical properties of the 
analogous compounds of the other alkaluids shall have been examined we are unable to. 
state whether this reaction is characteristic or not. 

tr Prepared by saturating a boiling concentrated solution of iodide of potassium 
with iodide of cadmium, and adding an equal volume of cold saturated solution of 
iodide of potassium. The concentrated solution keeps weil, but not the dilute. 

++ Prepared as follows :—Heat 32 parts of sulpliide of bismuth in a combustion-tube 
seuled at one end with 41°5 parts of iodine, collect the iodide of bisiwuth in a receiver, 
purify it by resublimation, heat it wich solution of iodide of potassium, fiiter hot, and 
add to the solution an equal volume of a colıl saturated solution of iodide of potassium. 
Tbe concentrated solution keeps well, but not the dilute. On mixing 10 c.c. water 
with 5 drops of concentrated sulphurie acid and adding 1 or 2 drops of the reagent, no 
turbidity should occur. 
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solutions of salts ofthe alkaloids acidified with sulphurie acid (10 e.c. of 
the alkaloid solution and five drops of concentrated sulphurie acid) pro- 
duces almost immediately Hoceulent orange precipitates, in the case of 
nicotine, conine, morphine, narcotine, quinine, einchonine, strychnine, 
brucine, atropine, and most other alkaloids; veratrine, on the other 
hand, gives only a faint turbidity. T'he precipitates formed with the 
first-named alkaloids agglutinate together to some extent when heated, 
they dissolve by long continued boiling, and separate again for the most 
part on cooling. None of the preeipitates are crystalline. The alkaloids 
may be separated from the precipitates as given under the previous re- 
agent. 

PHospnoMoLYBDIC AcıD* is precipitated by the solutions of all 
alkaloids, even when their quantity is very minute, The precipitates 
are lisht yellow, ochreous or brownish yellow, insoluble or diftieultly 
soluble at the ordinary temperature in water, alcohol, ether, and dilute 
mineral acids, with the exception of phosphoric acid; they are most 
insoluble in dilute nitric acid, especially when it contains some of the 
reagent; acetic acid also is almost without action in the cold, but in 
the heat it has a solvent action. The precipitates dissolve in the hydrates 
and carbonates of the alkalies, generally with ease and with separation 
of the alkaloids. The latter may be removed by shaking with etlıer, 
amylic alcohol, benzol, or the like. 

PHospHOANTIMONIC AcıD, obtained by dropping perchloride of 
antimony ınto aqueous phosphoric acid, also precipitates ammonia and 
most of the alkaloids (not catfeine). The reactions are delicate, but 
they are generally less delicate than with the last reagent, especially in 
the case of nicotine and conine; this reagent is more delicate in one 
single instance, namely for atropine. The precipitates are usually 
tloceulent and whitish, the brucine precipitate is rose-colored. On heat- 
ing it dissolves, on cooling it separates again from the fluid which 
remains colored intensely carmine. 

METATUNGSTIC ACID} precipitates the solutions of all the alkaloids. 
The precipitates are white and flocculent. The delicacy of the reactions 
is extreme. Acid solutions containing only one part of quinine or 
strychnine in 200,000, are rendered distinctly turbid, and deposit 
minute flocks in 24 hours. 

Pıcrıc AcıDp precipitates almost all the alkaloids, even from solutions 
containing a large excess of sulphuric acid. "The precipitates are yellow, 
and insoluble in excess of the precipitant ; they are usually formed even 
in very dilute solutions. Morphine and atropine (pure) are only 
thrown down from neutral and concentrated solutions; the precipitates 
disappear on dilution (caffeine and pseudomorphine are not precipitated, 
likewise the glycosides). 


* Prepared as follows :—Precipitate the nitrie acid solution of molybdate of 
ammonia with phosphate of soda, wash the precipitate well, suspend it in water, and 
warm with addition of carbonate of soda, to complete solution. Evaporate to dryness, 
ignite the residue, and if reduction has taken place, m»isten with nitrie acid and ignite 
again. Warm with water, and dissolve by adding nitrie acid in considerable excess. 
One part of the residue should make 10 parts of solution. The solution must be pro- 
tected from amımoniacal fumes. 

+ Instead of the pure acid you may use a metatungstate acidified with mineral 
acid, or even ordinary tungstate of soda, with addition of phosphorie acid. Phosphorie 
acid, when added to an ordinary suluble tungstate, removes parı uf the base, and so 
produces a metatungstate, 
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B. PROPERTIES AND REACTIONS OF THE INDIVIDUAL ÄLKALOTDS. 
I. VOLATILE ALKALOIDS. 


The volatile alkaloids are Huid at the common temperature, and may 
be volatilized in the pure state as well as when mixed with water. They 
are accordingly obtained in the distillate when their salts are distilled 
with strong fixed bases and water. Their vapors, when brought in con- 
tact with those of volatile acids, form a white cloud. 


1. Nıcorina, or Nıcorine (C, H,,N,). 
8281. 


1. Nicotina oceurs in the leaves and seed of tobacco. In its pure 
state, it forms a colorless, oily liquid, of 1'048 sp. gr.; the action of air 
imparts a yellowish or brownish tint to it. It boils at 250°, suffering, 
however, partial decomposition in the process; but, when heated in a 
stream of hydrogen gas, it distils over unaltered, between 100° and 200°. 
It dissolves with ease in water, alcohol, and ether. 

Nicotina has a peculiar, disagreeable, somewhat ethereal, tobacco- 
like odor. On heating it gives off a very powerful odor of tobaceo. It 
has an acrid, pungent taste, and very poisonous properties. Dropped 
on paper, it makes a transparent stain, which slowly disappears ; it turns 
turmeric-paper brown, and litmus-paper blue. Concentrated aqueous 
solution of nicotina shows these reactions more distinctly than the alka- 
loid in the pure state. 

2. Nicotina has the character of a pretty strong base; it precipitates 
metallic oxides from their solutions, and forms salts with acids. The 
salts of nicotina are non-volatile, freely soluble in water and alcohol, 
insoluble in ether and amylic alcohol’; they are inodorous, but taste 
strongly of tobacco ; part of them are erystallizable. Their solutions, 
when distilled with solution of potassa, give a distillate containing 
nicotina. By neutralizing this with oxalic acid, and evaporating, 0xa- 
late of nieotina is produced, which may be freed from any admixture of 
oxalate of ammonia, by means of spirit of wine, in which the former 
salt is soluble, the latter insoluble. 

3. If an aqueous solution of nicotina, or a solution of a salt of nieo- 
tina mixed with solution of soda or potassa, is shaken with ether, the 
nicotina is dissolved by the ether;; if the latter is then allowed to evapo- 
rate on a watch-glass at 20° or 30°, the nicotina remains behind in drops 
and streaks; on warming the watch-glass, it volatilizes in white fumes 
of strong: odor. 

4. Bichloride of platinum produces in aqueous solutions of nicotina or 
its salts whitish-yellow flocculent preeipitates. On heating the fluid 
containing the preeipitate, the latter dissolves, but upon continued 
application of heat it very speedily separates again in form of an 
orange-yellow, erystalline, heavy powder, which, under the microscope, 
appears to be composed of roundish cerystalline grains. If a rather 
dılute solution of nicotina, supersaturated with hydrochlorie acid, is 
mixed with bichloride ot platinum, the Huid at first remains clear ; after 
some time, however, the double salt separates in small erystals (oblique, 
four-sided prisms), elearly discernible with the naked eye, 
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5. Terchloride of gold added in excess to aqueons solutions of the 
alkaloid or its salts produces a reddish-yellow floceulent precipitate, 
sparingly soluble in hydrochlorie acid. 

6. Solution of iodine in iodide of potassium and water, when added in 
small quantity to an aqueous solution of nicotina, produces a yellow. 
precipitate, ah after a time disappears. Upon further addition of 
iodine solution, a copious kermes-colored precipitate separates ; but this 
also disappears again after a time. Solutions of the salts are precipi- 
tated with a kermes-brown color. 

7. Solution of tannie aeid produces in aqueous solution of nicotina, 
a copious white precipitate, which redissolves upon addition of hydro- 
chlorie acid. 

8. Ifan aqueous solution of nicotina is added to excess of solution 
of chloride of mercury, an abundant, floceulent, white preeipitate is 
formed. If solution of chloride of ammonium is now added to the mix- 
ture in suflieient quantity, the entire precipitate, or the greater part of 
it, redissolves. But the fluid very soon turns turbid, and deposits & 
heavy white precipitate. 


2. ConıA, or Conine (C,H,N). 
8282. 


1. Conia oeeurs in the leaves, seed, and flowers of the spotted hem- 
lock. It forms a colorless oily liquid, of ‘88 sp. gr. ; the action of the 
air imparts to it a brown tint. In the pure state it boils at 168° ; when 
heated in a stream of hydrogen gas, it distils over unaltered ; but when 
distilled in vessels containing air, it turns brown and suffers partial de- 
composition ; with aqueous vapors it distils over freely. It dissolves 
sparingly in water, 100 parts of water oftlie common temperature dissolv- 
ing: 1 part of conia. The solution turns turbid on warming, clear An 
on cooling. Conia is miscible in all proportions with alcohol and ether, 
The aqueous and alcoholie solutions manifest strong alkaline reaction. 
Conia has a very strong, pungent, repulsive odor, which affects the 
head, a most acrid and disagreeable taste, and very poisonous properties. 

2. Conia is a strong base ; it accordingly precipitates metallic oxides 
from their solutions, in a similar way to ammonia, and forms salts with 
acids. The salts of conia are soluble in water and in spirits of wine, 
ether also dissolves several of them (e.g. the sulphate) to some extent. 
Hydrochlorate of conia erystallizes readily ; the smallest quantity of this 
base, brought in contact with a trace of hydrochloric acid, yields almost 
immediately a corresponding quantity of non-deliquescent rhombie 
erystals (In. WERTHEIM). The sulphate does not erystallize except on 
very long standing.* The solutions of the salts turn brownish upon 
evaporation, with partial decomposition of the conia. The dry salts do 
not smell of the alkaloid ; when moistened, they smell only feebly of it, 
but upon addition of solution of soda, they at once emit a strong odor. 
When salts of conia are distilled with solution of soda, the distillate 
contains conia. On neutralizing this with oxalic acid, evaporating to 
dryness, and treating the residue with spirit of wine, the oxalate of 


u ” 


conia is dissolved, whilst any oxalate of ammonia that may be present 


 * Zeitschr. f. anal. Chem. 1, 397. 
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is left undissolved. As conia is only sparingly soluble in water, and 
dissolves with still greater difficulty in solution of alkalies, a concentrated' 
solution of a salt of conia turns milky upon addition of solution of soda. 
The minute drops which separate unite gradually, and collect on the 
surface. 

3. Ifan aqueous solution of a salt of conia is shaken with solution of 
soda and ether, the conia is dissolved by the ether. If the latter is then 
allowed to vaporate on a watch-glass at 20° or 30°, the conia is left 
ın yellowish-colored oily drops. 

4. Terchloride of gold produces in solutions of the alkaloid or its 
salts a yellowish-white precipitate, insoluble in hydrochlorie acid. 
Chloride of mercury gives with conia, a copious white precipitate, soluble 
in hydrochlorie acid. Bichloride Y% platinum does not precipitate rather 
dilute aqueous solutions of salts of conia, the conia compound corre- 
sponding to ammonio-bichloride of platinum being insoluble in spirits of 
wıne and ether, but tolerably soluble in water. The double salt also 
dissolves by boiling with alcohol ; it separates in the amorphous form 
on cooling. 

. 5. To solution of iodine in iodide 9 potassium and water, and to solu- 
tion of tannie acid, conia comports itself like nicotina. 


‚9. Chlorine water produces in a mixture of water and conia a strong, 
white turbidity. 


The volatile alkaloids are most easily recognised when pure ; the 
great object of the analyst must accordingly be to obtain them in that 
state. [he way of effecting this is the same for nicotina as for conia, 
and has already been given in the foregoing paragraphs, viz., to distil 
with addition of solution of soda, neutralize with oxalic acid, evaporate, 
dissolve in alcohol, evaporate'the solution, treat the residue with water, 
add solution of soda, shake the mixture with ether, and let the latter 
evaporate spontaneously. Conia is distinguished froın nicotina chiefly 


by its odor, its sparing solubility in water, and its behavior with chlc- 
Tıne water. 


Il. Non-voLATILE ALKALOIDS. 


The non-volatile alkaloids are solid, and cannot be distilled over 
with water. 


FIRST GROUP. 


NON-VOLATILE ALKALOIDS WHICH ARE PRECIPITATED BY PoOTASssA 
OR SODA FROM THE SOLUTIONS OF THEIR SALTS, AND REDIS- 
SOLVE READILY IN AN EXCESS OF THE PRECIPITANT. 


Of the alkaloids of which I purpose to treat here, one only belongs 
to this group, viz,, 
Bez 
MorPHIA, OR MoRPHINE 0,24,0N0, =ME) 
8233. 


1. Morphine oceurs with the alkaloids codeine, thebaine, papaverine, 
narcotine, and narceine, and with meconic acid and meconine, In opium, 
the dried milky juice of the green capsules of the poppy (papaver som- 
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- 
niferum). Crystallized morphia (Mo +2 aq.) usually appears in the 
form of colorless, brilliant rhombie prisms, or, when obtained by preci- 
pitation, as a white erystalline powder. It has a bitter taste, and dis- 
solves very sparingly in cold, but somewhat more readily in boiling 
water. Of cold alcohol it requires about 90 parts by weight for solution ; 
of boiling alcohol from 20 to 30 parts. The solutions of morphia in 
alcohol as well as in hot water manifest distinetly alkaline reaction. 
Morphine is nearly insoluble in ether, especially when crystallized, it 
dissolves in hot amylic alcohol, it is insoluble in benzole (RopGERrs), and 
very .difhicultly soluble in chloroform (PETTENKOFER). Crystallized 
morphia loses both equivalents of water, at a moderate heat. Morphia 
may be sublimed unaltered by very cautious heating * 

2. Morphia neutralizes acids completely, and forms with them the 
SALTS OF MORPHIA. These salts are readily soluble in water and 
spirit of wine, insoluble in ether and amylie aahel, their taste is dis- 
agreeably bitter. Most of them are crystallizable. 
83. Potassa and ammonia precipitate from the solutions of salts of 


+ 

morphia—generally only after some time—Mo +2 aq., in the form of a 
white erystalline powder. Stirring and friction on the sides of the 
vessel promote the separation of the precipitate, which redissolves with 
great readiness in an excess of potassa, but more sparingly in ammonia. 
It dissolves also in chloride of ammonium and, though with difieulty 
only, in carbonate of ammonia. On shakine a solution of morphia in 
potassa or soda with ether, very little of the alkaloid passes into the 
ether; on shaking with warm amylic alcohol, however, the whole of 
the alkaloid passes into the latter. 

4. Carbonate of potassa and carbonate of soda produce the same pre- 
eipitate as potassa and ammonia, but fail to redissolve it upon addition 
in excess. Üonsequently if a fixed alkaline bicarbonate is added to a 
solution of morphia in caustic potassa, or if carbonic acid is conducted 


+ 
into the solution, Mo+2 aq. separates, —especially after ebullition—in 
the form of a crystalline powder. A more minute inspection, parti- 
eularly through a lens, shows this powder to consist of small acieular 
Be ; magnified 100 times, these crystals present the form of 
rhombie prisms. 

5. Bicarbonate of soda and bicarbonate of potassa speedily produce in 
solutions of neutral salts of morphia a preeipitate of hydrated morphia, 
in the form of a cerystalline powder. The precipitate is insoluble in an 
excess of the precipitants. These reagents fail to precipitate acidified 
solutions of salts of morphia in the cold. 

6. The action of strong nitrie acid upon morphia or one of its salts, 
in the solid state or in concentrated solutions, produces a yellowish-red 
color. On addition of protochloride oftin no violet coloration occurs, as 
in the case of brucine. Dilute solutions do not change their color upon 
addition of nitrie acid in the cold, but upon heating they acquire a 
yellow tint. 


* For the best way of subliming morphia, and for the value of the sublimate in 
"mieroscopie diagnosis, see HELWIG (Zeitschr. f, anal. Chem. 3, 43; or Das Mikroscop 
in der Toxikologie von Dr. A. Hrrwie. von Zabern. Mainz: 1864). In the latter 
work the subject is treated more completely and illustrated. I may mention that the 
alkaloid must be perfectly pure. 
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7. If morphia or a compound of morphia is treated with 4 or 5 drops 
of pure strong sulphurie acid, and warmed on a water-bath for 15 
minutes, a colorless solution is obtained; if, after cooling, 10 to 20 
drops of sulphurie acid, mixed with nitrie acid*, are added, and 2 or 3 
drops of water, the fluid acquires a violet-red color (gentle heating 
promotes the reaction); and if now 4 or 5 clean lentil-sized fragments of 
binowide of manganese ave added, or a fragment of chromate af potassium 
(Orro), the fluid acquires an intense mahogany color. If the Huid is 
then diluted with 4 parts of water, cooled in a test-tube, and ammonia 
added till the reaction is almost neutral, a dirty yellow color makes 
its appearance, which turns brownish red upon supersaturation with 
ammonia, without the deposition of any appreciable precipitate 
(J. ErpmAnn). According to A. HusEMANNt the violet coloration of 
sulphate of morphia by nitrie acid, does not occur till the morphia 
solution has undergone change. It occurs immediately when the solu- 
tion in strong sulphuric acid is heated to 100°—150°. If, after cooling,, ' 
a drop of nitrie acid is added, a splendid dark vıolet color is produced, 
which stays at the edge for several minutes, but in the middle soon 
passes into a blood-red color, which slowly becomes paler. Hypo- 
chlorite of soda acts like nitric acid. On heating morphia with sulphurie 
acid above 150°, a transient reddish violet color is produced, which 
turns finally to dirty green. If a solution which has thus been over- 
heated is brought in contact after cooling with nitrie acid, no bluish 
violet color is observed, but a reddish color is at once produced. 

8. Ifa solution of molybdie acid in concentrated sulphurie acid (d mgru. 
molybdate of soda and 1 c.c. cone. sulphurie acid), is mixed with dry 
morphia or a dry salt of morphia, a magnificent reddish-violet color will 
make its appearance immediately; after a time the color will turn a 
dirty greenish brown. The experiment should be made in a small 
porcelain dish or watch-glass, and the mixture should be stirred with a 
glass rod. On further action of the air the fluid will become deep blue, 
commencing at the edge; this color will remain for hours (Frönnpe).f 
If water is added to the blue fluid, this color vanishes, and a slightly 
turbid, dirty brown fluid is obtained; when this is filtered it yields a 
brown filtrate. (Difference from salieine.) 

9. Neutral sesquichloride of iron imparts to concentrated neutral solutions 
of salts of morphia a beautiful dark blue color, which disappears upon 
the addition of an acid. If the solution contains an admixture of 
animal or vegetable extractive matters, or of acetates, the color will 
appear less distinetly. 

10. Ifiodie acid is added to a solution of morphia or of a salt of 
morphia, IODINE separates. In concentrated aqueous solutions the 
separated iodine appears as a kermes-brown precipitate, whilst to 
aleoholie and dilute aqueous solutions it imparts a brown or yellowish- 
brown color. The addition of starch-paste to the fluid, before or after 
that of the iodic acid, considerably heightens the delicacy of thereaction, 
since the blue tint of the iodide of starch remains perceptible in ex- 
ceedingly dilute solutions, which is not the case with the brown color 


* Mix 6 drops of nitrie acid of 1'25 sp. gr. with 100 c.c. water, and add 10 drops 
of this mixture to 20 grammes of pure concentrated sulphurie acid. 
+ Zeitschr. f. anal, Chem. 3, 151, + Ibid. 5,214. 
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‚Imparted by iodine. The reaction is most delicate when the iodic acid 
solution is mixed with starch-paste, and the dry morphia salt is added 
to the mixture. It need scarcely be mentioned that the delicacy of the 
reaction may also be increased by shaking with ed of carbon. 
As other nitrogenous bodies (albumen, caseine, fibrine, cc.) likewise re- 
duce iodie acıd, this reaction has only a relative value ; however, if 
ammonia is added after the iodic acid, the Huid becomes colorless if the 
separation of iodine has been caused by other substances, whilst the 
coloration becomes much more intense if it is owing to the presence of 
morphia (LErorr).* 

ll. Zannie acid throws down in aqueous solutions of morphia salts, if 
they are not too dilute, white precipitates, readily soluble in acids. 


SECOND GROUP. 


NON-VOLATILE ALKALOIDS WHICH ARE PRECIPITATED BY PorTassAa 
FROM THE SOLUTIONS OF THEIR SALTS, BUT DO NOT REDISSOLVE 
TO A PERCEPTIBLE EXTENT IN AN ExcESSs OF THE Precıpi- 
TANT, AND ARE PRECIPITATED BY BICARBONATE OF S0DA EVEN 
FROM AcıD SOLUTIONS, if the latter are not diluted in a larger 
proportion than 1: 100; Narcotina, Quina, Cinchonia. 


= 
a. NARCOTINA, or Narcorine (0, H,NO,= Na). 


8 234. 
1. Narcotina accompanies morphia in opium (8 233). Crystallized 


b 
narcotina (Na+aq.) appears usually in the form of colorless, brilliant, 
straight rhombic prisms, or, when precipitated by alkalies, as a white, 
loose, erystalline powder. It is insoluble in water. Alcohol and ether 
dissolve it sparingly in the cold, but somewhat more readily upon heat- 
ing. Chloroform dissolves it very easily, amylic alcohol with difhculty, 
benzole more readily. Solid narcotina is tasteless, but the alcoholie and 
ethereal solutions are intensely bitter. Narcotina does not 
table colors. At 170° it fuses, with loss of 1 eg. of water. 

2. Narcotina dissolves readıly in acids, combining with them to salts. 
These salts have invariably an acid reaction. Those with weak acids 
are decomposed by a large amount of water, and, if the acid is volatile, 
even upon simple evaporation. Most of the salts of narcotine are 
amorphous, and soluble in water, alcohol, and ether; they have a bitter 
taste. 

3. Pure alkalies, and alkaline carbonates and biearbonates, immediately 


alter vege- 


En 
precipitate from the solutions of salts of narcotine Na+ aq. in the form 


* LEFORT (Zeitschr. f. anal. Chem. 1, 134) recommen 
the detection of small quantities of morphia : moisten strips of very white unsized 
paper with the morphia solution, dry, and repeat the operation several times, s0 as to 
ensure absorption by the paper of a tolerably large quantity of the fluid; the dried 
paper contains the morphia in the solid state, most finely dividel, 
chloride of iron, and iodie acid and ammonia will readil 
show the characteristic reactions on paper so prepared. 


ds the following method for 


Nitrie acid, sesqui- 
y and with positive distinetness 
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of a white powder, which, magnified 100 times, appears an aggregate 
of small erystalline needles. The preeipitate is insoluble in an excess 
of the precipitants. If solution of a salt of narcotina is mixed with 
ammonia, and ether added in sufficient quantity, the preeipitate redis- 
solves in the ether, and the clear fluid presents two distinet layers. If 
a drop ofthe ethereal solution is evaporated on a watch-glass, the re- 
sidue is seen, when magnified 100 times, to consist of small, distinet, 
elongated, and lance-shaped erystals. 

4. Coneentrated nitrie acid dissolves narcotine to a colorless fluid, 
which acquires a pure yellow tint upon application of heat. 

5. Strong sulphurie acid acts differently upon different specimens of 
narcotine. Those that are apparently the purest give a bluish violet 
solution which in a short time becomes dirty orange: specimens which 
appear less pure give a yellow solution at once. Ifthe yellow solution 
in either case is warmed very gradually it becomes at first orange red, 
subsequently beautiful bluish violet, or purple blue stripes are seen pro- 
ceeding from the edge, and finally, when the sulphuric acid begins to 
evaporate, an intense reddish violet color is formed. If the heating is 
interrupted when the blue color is present, the solution slowly be- 
comes cherry red in the cold. The reaction is very delicate (Husr- 
"MANN.)* 

6. Ifto a solution of narcotine in strong sulphuric acid prepared in 
the cold, 10 to 20 drops of sulphuric acid containing a minute quantity 
of mtrie acid (footnote, p. 350) are added, and then two or three drops of 
water, the fluid becomes intensely red. Slight warming is favorable 
to the reaction. Addition of binoxide of manganese does not change 
the color. If, after dilution, ammonia is added till the Huid is nearly 
neutral, the intensity of the color is diminished in consequence of the 
dilution. On addition of excess of ammonia a copious dark brown pre- 
cipitate is finally produced (J. ERDMANN). 

If to a solution of narcotine in strong er acid, prepared in the 
cold, chloride of soda is added, a distinet and rather permanent crimson 
color is produced, which passes into yellowish red. The solution of 
narcotine in strong sulphurie acid, which has been colored by heat, is 
turned immediately licht yellow by nitrie acid or chloride of soda, and a 
more reddish coloration appears gradually (HuUsEmANN). 

7. Chlorine water added to solution of a narcotine salt gives a yellow 
color, slightly inclining to green. On the addition of ammonia a 
yellowish red and much more intense color is produced. 

8. If narcotine or a salt of narcotine is dissolved in excess of dilute 
sulphurie acid, mixed with finely powdered binowide of manganese, and 
boiled for some minutes, the alkaloid is converted into opianic acid, 
cotarnine (a base soluble in water) and carbonic acid. On filtering, and 
adding ammonia to the filtrate, no precipitate will be obtained. 

9. Tannie acid produces whitish precipitates in solutions of salts of 
narcotine. When the solutions are very dilute a mere turbidity is 
produced, but a precipitate is formed on addition of a drop of hydro- 
chlorie acid. The precipitate is very slightly soluble in hydrochlorie 


acid. 
* Zeitschr. f. anal. Chem. 3, 151. 
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= 
d. Quına, or Quinine (C,H,N,0,=Q). 
$ 235. 
1. Quinine occurs in ceinchona bark accompanying cinchonine. 


en 

Crystallized quina, (Q+6 aq.) appears either in the form of fine 
crystalline needles of silky lustre, which are en eh aggregated into 
tufts, or as a loose white powder. It is sparingly soluble in cold, but 
somewhat more readily in hot water. It is readily soluble in spirit of 
wine, both cold and hot, but less so in ether. The taste of quina is in- 
tensely bitter; the solutions of quina manifest alkaline reaction. 
Upon exposure to heat it loses the 6 eq. of water. 

2. Quina neutralizes acids completely. The neutral salts taste in- 
tensely bitter ; most ofthem are erystallizable, difhcultly soluble in cold, 
readily soluble in hot water and in spirit of wine. The acid salts dis- 
solve very freely in water; the solutions reflect a bluish tint. Ifa 
cone of lieht is thrown into them, by means of a lens either horizontally 
or vertically, a blue cone of light is seen even in highly dilute solutions. 

3. Potassa, ammonia, and the neutral carbonates of the alkalies produce 
in solutions of salts of quina (if they are not too dilute) a white, loose, 
pulverulent preeipitate of hydrated quina, which immediately after pre- 
cipitation appears opaque and amorphous under the microscope, but 
assumes, after the lapse of some time, the appearance of an aggregate of 
erystalline needles. The precipitate redissolves only to a scarcely ei 
ceptible extent in an excess of potassa, but more so in ammonia. Itis 
hardly more soluble in fixed alkaline carbonates than in pure water. 
Chloride of ammonium increases its solubility in water. Ifa solution of 
quina is mixed with ammonia, ether added, and the mixture shaken, 
the quina redissolves in the ether, and the clear fluid presents two dis- 
tinet layers. (In this point quina differs essentially from einchonia, 
which by this means may be readily detected in presence of the former, 
and separated from it.) 

4. Bicarbonate of soda also produces both in neutral and acid solutions 
of salts of quina a white preeipitate. In acidified solutions containing 1 
part of quina to 100 parts of acid and water, the precipitate forms im- 
mediately ;—if the proportion of the quina to the acıd and water is 
1: 150, the preeipitate separates only after an hour or two, in the form 
of distinct needles, aggregated into groups. If the proportion is 1: 200, 
the fluid remains clear, and it is only after from twelve to twenty-four 
hours’ standing that a slight precipitate makes its appearance. The 
precipitate is not altogether insoluble in the precipitant, and the separa- 
tion is accordingly the more complete the less the excess of the pre- 
cipitant; the precipitate contains carbonie acid. 

5. Concentrated nitrie acid dissolves quina to a colorless Auid, turning 

ellowish upon application of heat. 

6. The addition of chlorine water to the solution of a salt of quina fails 
to impart a color to the fluid, or, at least, imparts to it only a very faint 
tint; but if ammonia is now added, the Auid acquires an intense 
emerald-green color. If, after the addition of the chlorine water, some 
solution of ferrocyanide af potassium is added, then a few drops of am- 
monia or some other alkali, the fluid acquires a magnificent deep rei 
tint, which, however, speedily changes to a dirty brown. This reaction 

R: AA 


354 CINCHONINE. [$ 236. 


is delicate and characteristie. Upon addition of an acid* to the red 
fluid, the color vanishes, but reappears afterwards upon cautious ad- 
dition of ammonia. (O0. Livoxıvs, communicated ; A, Voger.) 

7. Concentrated sulphurie acid dissolves pure quina and pure salts 
of quina to a colorless or very faint yellowish Auid; application of a 
En heat turns the fluid yellow, application of a stronger heat brown. 

ulphurie acid containing an admixture of nitric acid dissolves quina to 
a colorless or very faint yellowish Auid. 

8. Tannie acid produces a white precipitate in aqueous solutions of 
salts of quinine, even wlıen they are exceedingly dilute. The pre- 
ne is curdy and agglutinates on warming, it is soluble in acetic 
acid. 

9. As regards HERAPATH’S quinine reaction, based upon the polariz- 
ing properties of sulphate of iodide of quinine, I refer to Phil. Mag. 6, 
121: 


+ 
c. ÜINCHONIA, or CINCHONINE (C,H,,N,0,=Ci). 
8 236. 


1. Cinchonine occurs in cinchona bark accompanying quinine. It 
appears either in the form of transparent, brilliant, rhombie prisms, or 
fine white needles, or, if precipitated from eoncentrated solutions, as a 
loose white powder. At first it is tasteless, but after some time a bitter 
taste of bark becomes perceptible. It is nearly insoluble in cold water, 
and dissolves only with extreme diflieulty in hot water; it dissolves 
sparingly in cold dilute spirit of wine, more readily in hot spirit of wine, 
and the most freely in absolute alcohol. From hot aleoholie solutions 
the greater portion of the dissolved cinchonia separates upon cooling 
in a crystalline form. Solutions of einchonia taste bitter, and manifest 
alkaline reaction. Cinchonia is insoluble in ether.t 

2. Cinchonia neutralizes acids completely. The salts have the bitter 
‚taste of bark : most of them are erystallizable: they are generally more 
readily soluble in water and in spirit of wine than the corresponding quina 
compounds. Ether fails to dissolve them. 

3. Cinchonia, when heated cautiously, fuses at first without loss of 
water; subsequently white fumes arise which, like benzoie acid, condense 
upon cold substances, in the form of small brilliant needles, or as a loose 
sublimate, a peculiar aromatic odor being exhaled at the same time. If 
the operation is conducted in a stream of hydrogen gas, long brilliant 
prisms are obtained (HLAsıwErz). 

4. Potassa, ammonia, and the neutral carbonates af the alkalies produce 
in solutions of salts of cinchonia a white loose precipitate of cIncHoNTA, 
which does not redissolve in an excess of the precipitants. If the solu- 
tion was concentrated, the precipitate does not exhibit a distinet] 
erystalline appearance even when magnified 200 times ; but if the solu- 
tion was so dilute that the preeipitate formed only after some time, it 
appears under tlıe microscope to consist of distinct crystalline needles 
aggregated into star-shaped tufts. 


* Acetic acid answers the purpose best. 

f The einchonia of commerce usually contains in admixture another alkaloid, called 
einchotina, which is soluble in ether. This alkaloid erystallizes in large rhomboidal 
erystals of brilliant lustre, which fuse at a high temperature, and cannot be sublimed, 
even in a stream of hydrogen gas (HLAsıwenz). 
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5. Bicarbonate of soda and bicarbonate of potassa preeipitate einchonia 
in the same form as in 4, both from neutral and keidified solutions of 
einchonia salts, but not so completely as the monocarbonates of the 
alkalies. Even in solutions containing 1 part of einchonia to 200 of 
water and acid, the precipitate forms immediately ; its quantity, how- 
ever, increases after standing some time. 

6. Concentrated sulphurie acid dissolves cinchonia to a colorless fluid, 
which upon application of heat first acquires a brown, and finally a black 
color. Addition of some nitric acid leaves the solution colorless in the 
cold, but upon application of heat the fluid, after passing through the 
intermediate tints of yellowish-brown and brown, turns finally black. 

?. The addition of chlorine water to the solution of a salt of cinchonia 
fails to impart a color to the fluid; if ammonia is now added, a yel- 
lowish-white precipitate is formed. 

8. If the solution of a cinchonia salt containing only very little or no 
free acid, is mixed with ferrocyanide of potassium, a flocculent pre- 
cipitate of ferrocyanide of cinchonia is formed. If an excess of the pre- 
eipitant is added, and a gentle heat very slowly applied, the preeipitate 
dissolves, but separates again upon cooling, in brilliant gold-yellow 
scales, or in long needles, often aggregated in the shape of a fan. With 
the aid of the microscope, this reaction is as delicate as it is characteristie 
(Un. DoLLrus, BıiLL, SELIGSOHN). 

9. Tunnie acid produces a white flocculent precipitate in aqueous 
solutions of salts of cinchonia, the precipitate is soluble in a small quan- 
tity of hydrochloric acid, but is reprecipitated by addition of more hydro- 
 chlorie acid. 


Recapitulation and Remarks. 
8237. 


Narcotina and quina being soluble in ether, whilst cinchonia is inso- 
luble, the two former alkaloids may be most readily separated by this 
means from the latter. For this purpose the analyst need simply mix 
the aqueous solution of the salts wıtı ammonia in excess, then add ether, 
and separate the solution of quina and narcotine from the undissolved 
cinchonia. Ifthe ethereal solution is now evaporated, the residue dis- 
solved in hydrochloric acid and a suflicient amount of water to make the 
dilution 1: 200, and bicarbonate of soda is then added, the narcotina 
precipitates, whilst the quina remains in solution. By evaporating the 
solution, und treating the residue with water, the quina is obtained in 
the free state.* 


* The reaction with ammonia and ether fails to effect the separation of quinine 
from various other bases found associated with it, viz., « quinidine, ß quinidine, 
y quinidine, and cinchonidine ; since, as G. KERNER (Zeitschr. f. anal. Chem. 1, 150) 
has shown, several of these other vegeto-alkalies are pretty freely soluble in ether. In 
fact, no qualitative reaction will enable the analyst to fully effect this purpose ; but it 
may be accomplished by means of a simple volumetrical method, based upon the 
circumstance that the quina thrown down by ammonia from a solution of the sulpbate, 
requires less ammonia to redissolve it than all the other vegeto-alkalies of the bark. 
Concerning the separation of quina from quinidine compare SCHWARZER (Zeitschr. f. 
anal. Chem. 4, 129), and concerning the separation of the cinchona alkaloids in general 
see VAN DER BURG (Zeitschr. f. anal. Chem. 4, 273). , 
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THIRD GROUP, 


NoN-VOLATILE ALKALOIDS WHICH ARE PRECIPITATED BY PoTAssA 
FROM THE SOLUTIONS OF THEIR SALTS, AND DO NOT REDISSOLVE 
TO A PERCEPTIBLE EXTENT In AN Exczss OF THE PRECIPITANT ;* 
BUT ARE NOT PRECIPITATED FROM (even somewhat concentrated) 
Acın SoLUTIONS BY THE BICARBONATES OF THE FIXED ALKA- 
LIES: Strychnia, Brucia, Veratria, Atropia. 


Br 
4. STRYCHNIA, Or STRYCHNINE (C,H,N,O,=$r). 
8.238. 


1. Strychnia exists in company with brucine in various kinds of 
strychnos, especially in the fruit of strychnos nux vomica and of strychnos 
ignatius. "It appears either in the form of white brilliant rhombie prisms, 
or, when produced by precipitation or rapid evaporation, as a white 
powder. It has an exceedingly bitter taste. It is nearly insoluble in 
cold, and barely soluble in hot water. It is almost insoluble in absolute 
alcohol and ether, and only sparingly soluble in dilute spirit of wine, 
It dissolves freely in amylic alcohol, more especially with the aid of heat, 
likewise in benzole (Ropaers), and chloroform (PETTENKOFER). It 
does not fuse when heated. By cautious heating it may be sublimed 
unaltered (Herwig), see foot-note $ 233, 1. 

2. Strychnia neutralizes acids completely. The salts of strychnia 
are, for the most part, erystallizable ; they are soluble in water. All the 
salts of strychnia have an intolerably bitter taste, and are, like the pure 
alkaloid, exceedingly poisonous. 

3. Potassa and carbonate of soda produce in solutions of salts of 
strychnia white precipitates of strYcHNIA, which are insoluble in an 
excess of the Were Magnified 100 times, the precipitate appears 
as an aggregate of small erystalline needles. From dilute solutions the 
strychnia separates only after the lapse of some time, in the form of 
erystalline needles, distinctly visible to the naked eye. 

4. Ammonia produces the same precipitate as potassa. The preci- 
pitate redissolves in an excess of ammonia; but after a short time—or 
if the solution is highly dilute, after a more considerable time—the 
strychnia crystallizes from the ammoniacal solution in the form of 
needles, which are distinetly visible to the naked eye. 

5. Bicarbonate of soda produces in neutral solutions of salts of strychnia 
a precipitate of strychnia, which separates in fine needles shortly after 
the addition of the reagent, and is insoluble in an excess of the preci- 
pitant. But upon adding one drop of acid (so as to leave the Auid still 
alkaline), the precipitate dissolves readily in the liberated carboniec acid. 
The addition of bicarbonate of soda to an acid solution of strychnia causes 
no precipitation, and it is only after the lapse of twenty-four hours, or 
even a longer period, that strychnia erystallizes from the Auid in distinet 
prisms, in PL as the free carbonic acid escapes. If a concentrated 
solution of strychnia, supersaturated with bicarbonate of soda, is boiled 
for some time, a precipitate forms at once; from dilute solutions this 
precipitate separates only after concentration. 

6. Sulphocyanide af potassium produces in concentrated solutions of 


* Regarding atropine, see $ 241, 4. 
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salts of strychnia immediately, in dilute solutions after the lapse of some 
time, a white crystalline precipitate, which appears under the microscope 
as an aggregate of flat needles, truncated or pointed at an acute angle, 
and is but little soluble in an excess of the precipitant. 

7. Chloride of mercury produces in solutions of salts of strychnia a 
white preeipitate, which changes after some time to erystalline needles, 
aggregated into stars, and distinctly visible through a lens. Upon heating 
the fluid these erystals redissolve, and upon subsequent cooling of the 
solution the double compound recrystallizes in larger needles. 

8. If a few drops of pure concentrated sulphuric acid are added to a 
little strychnia in a porcelain dish, solution ensues, without coloration of 
the fluid. If small quantities of oxidizing agents (chromate of potassa, 

ermanganate of potassa, ferrieyanide of potassium, peroxide of lead, 
inoxide of manganese) are now added—best in the solid form, as dilution 
is ee to the reaction—the Auid acquires a magnificent blue- 
violet color, which, after some time, changes to wine-red, then to reddish- 
yellow. With chromate of potassa and permanganate of potassa tlıe 
reaction is immediate; on inolinire the dish, blue violet streaks are seen 
to flow from the salt fragment, and by pushing the latter about, the 
coloration is soon imparted to the entire fluid. With ferricyanide of 
me the reaction is less rapid; but it is slowest with peroxides. 
'he more speedy the manifestation of the reaction the more rapid is 
also the change of color from one tint to another. I prefer chromate of 
potassa, recommended by OrTTo, or permanganate of potassa, recom- 
mended by Guy, to all other oxidizing agents. JoRDAN succeeded, 
with chromate of potassa, in distinctly showing the presence of 39900 
grain of strychnia. J. ErDMANnN prefers binoxide of manganese in 
lentil-sized fragments. Metallic chlorides and considerable quantities 
of nitrates, also large quantities of organic substances, prevent the 
manifestation of the reaction or impair its delicacy. It is therefore 
always advisable to free the strychnia first, as far as practicable, from 
all foreign matters before proceeding to try this reaction. If the solu- 
tion colored red (by binoxide of manganese) is mixed with from 4 to 
6 times its volume of water, heating being avoided, and ammonia is 
then added until the reaction is nearly neutral, the Huid shows a mag- 
nificent violet-purple tint; upon addition of more ammonia the color 
becomes yellowish-green to yellow (J. ErpmAnn). I have found, 
however, that this reaction is seen only where larger, though still very 
minute, quantities of strychnia are present. Morphia interferes with 
this reaction.* In order to remove the morphine, the concentrated 
aqueous neutral solution of the substance is mixed with ferrieyanide of 
potassium (NEUBAUER) or neutral chromate of potassa (HoRsLEy) and 
filtered. The precipitate contains the strychnia, the solution the 
morphia. The precipitate is washed a little, dried, and mixed in a 
watch-glass with strong sulphuric acid. 'The blue-violet color is imme- 
diately produced. It should be borne in mind that the strychnia pre- 
cipitates are not insoluble in water. Finally I must mention that 


* REESE, Zeitschr. f. anal. Chem. 1, 399. HorsLEy, /bid. 1, 515. Thomas, 
Ibid. 1, 517. 

’F RüDGERS recommends to separate strychnia from morphia by benzole, in which 
the former alone is soluble. THOMAS recommends to render the solution of the acetates 
alkaline with potash, and to shake with chloroform ; the morphia remains in the alka- 
line solution, while the strychnia dissolves in the chloroform, 
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curarine produces the same reaction with sulphuric acid and chromate 
of potassa as strychnia. They differ however in this, that curarine is 
colored red by sulphuric acid alone, and it gives much more permanent 
colorations with chromate of potassa than strychnine (DRAGENDORFF). 

9. Strong chlorine water produces in solutions of strychnia salts a 
white precipitate, soluble in ammonia to a colorless Huid. 

10. Strong nitrie acid dissolves strychnia and its salts to a colorless 
fluid, which turns yellow when heated. 

11. Tannie acid produces in solutions of strychnia salts heavy white 
precipitates, insoluble in hydrochloric acid. 


+ 
db. Brucıa, or Brucıne (C,H,N,O,=Br). 
$ 239. 
1. Brucia occurs with strychnia (see $ 238). Orystallized brucia 


+ 

(Br+8aq.) appears either in the form of transparent straight rhombie 
prisms, or in that of erystalline needles aggregated into stars, or as a 
white powder composed of minute erystalline scales. Brucia is difh- 
cultly soluble in cold, but somewhat "more readily in hot water. It 
dissolves freely in alcohol, both in absolute and dilute, also in cold, but 
more readily still in hot, amylic alcohol ; but it is almost insoluble in 
ether. Its taste is intensely bitter. When heated, it fuses with loss of 
its water of crystallization. By cautious heating it may be sublimed 
unchanged (see foot-note $ 233, 1). 

2. Brucia neutralizes acids completely. The salts of brucia are 
readily soluble in water, and of an intensely bitter taste. Most of them 
are crystallizable. 

3. Potassa and carbonate of soda throw down from solutions of salts 
of brucia a white precipitate of brucia, insoluble in an excess of the 
precipitant. Viewed under the microscope, immediately after precipi- 
tation, it appears to consist of very minute grains; but upon further 
inspection, these grains are seen— with absorption of water—to suddenly 
form into needles, which latter subsequently arrange themselves without 
exception into concentrie groups. These successive changes of the pre- 
cipitate may be traced distinctly even with the naked eye. 

4. Ammonia produces in solutions of salts of brucia a whitish preeipi- 
tate, which appears at first like a number of minute drops of oil, but 
changes subsequently—with absorption of water—to small needles. 
The precipitate redissolves, immediately after separation, very readily 
in an excess of the precipitant; but after a very short time—or, in 
dilute solutions, after a more considerable lapse of time—the brucia, 
combined with erystallization water, erystallizes from the ammoniacal 
fluid in small concentrically grouped needles, which addition of am- 
monia fails to redissolve. 

d. Bicarbonate of soda produces in neutral solutions of salts of brucia 
a precipitate of brucia, combined with erystallization water; this pre- 
cipitate separates after the lapse of a short time, in form of concentrically 
aggregated needles of silky lustre, which are insoluble in an excess of 
the precipitant, but dissolve in free carbonie acid (compare Strychnia). 
Bicarbonate of soda fails to precipitate acid solutions of salts of brucia s 
and it is only after the lapse of a considerable time, and with the escape 
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of the earbonic acid, that the alkaloid separates from the Auid in regular 
and comparatively large erystals. 

6. Coneentrated nitrie acid dissolves brucia and its salts to intensely 
red Auids, which subsequently acquire a ellowish-red tint, and turn 
yellow upon application of heat. Upon a dition of protochloride of tin 
or sulphide of ammonium to the heated fluid, no matter whether 
concentrated or after dilution with water, the faint yellow color changes 
to a most intense violet. 

7. Ha little brucia is treated with from 4 to 6 drops of pure comcen- 
trated sulphuric acid, a solution of a faint rose color is obtained, which 
afterwards turns yellow. If 10 or 20 drops of sulphurie acid mixed with 
some nitrie acid (foot-note $ 233, 7) are added, the fluid transiently ac- 
quires a red, afterwards a yellow color. Addition of binoxide of man- 
eanese transiently imparts a red, then a gamboge tint to the fluid. If 
the Huid is then, with proper cooling, diluted with 4 parts of water, 
and ammonia added to nearly neutral reaction, or even to alkaline re- 
action, the solution acquires a gold-yellow color (J. ERDMANN). 

8. Addition of chlorine water to the solution of a salt of brucia imparts 
to the Auid a fine bright red tint; if ammonia is then added, the red 
color changes to yellowish-brown. 

Y, Sulphoeyanide of potassium produces in concentrated solutions of 
salts of brucia immediately, in dilute solutions after some time, a granular 
erystalline precipitate, which, under the mieroscope, appears composed 
of variously aggregated polyhedral erystalline grains. Frietion applied 
to the sides of the vessel promotes the separation of the precipitate. 

10. Chloride of mercury also produces a white granular preeipitate, 
which, under the mieroscope, appears composed of small roundish erys- 
talline grains. 

11. Tannie acid produces in solutions of salts of brucia, heavy dirty 
white precipitates, soluble in acetie acid, insoluble in hydrochlorie acid. 


nn 
n h 7 
c. VERATRIA, or VERATRINE (C,H,„N,O,) Ve. 


8240. 


1. Veratria occurs in various species of veratrum, especially in the 
seeds of veratrum sabadilla (with veratrie acid), and in the root of vera- 
trum album (with jervine). It appears in the form of small prismatic 
erystals which acquire a porcelain-like look in the air, or as a white 
powder of acrid and burning, but not bitter taste; it is exceedingly 
poisonous. Veratria acts with great energy upon the membranes of tlıe 
nose; even the most minute quantity of the powder exeites the most 
violent sneezing. It is insoluble in water ; in alcohol it dissolves readily, 
but more sparingly in ether. At 115° it fuses like wax, and solidifies 
upon cooling to a transparent yellow mass. By cautious heating it may 
be sublimed unchanged (see foot-note $ 233, 1). 

9. Veratria neutralizes acids completely. Some salts of veratria are 
crystallizable, others dry up to a gummy mass. They are soluble ın 
water, and have an acrid and burning taste. 

3. Potassa, ammonia, and the monocarbonates of the atkalies produce in 
solutions of salts of veratria a floceulent white preeipitate, which, view ed 
under the microseope immediately after precipitation, does not appear 
erystalline. After the lapse of a few minutes, however, it alters its 
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SRPeOran2A, and small scattered clusters of short prismatic cerystals are 
observed, instead of the original coagulated flakes., The precipitate does 
not redissolve in an excess of potassa or of carbonate of potassa. It is 
slightly soluble in ammonia in the cold, but the dissolved portion sepa- 
rates again upon application of heat. 

4. With biearbonate of soda and biearbonate of potassa the salts of 
veratria comport themselves like those of strychnia and brucia. How- 
ever, the veratria separates readily upon even from dilute 
solutions, 

5. If veratria is acted upon by concentrated nitrie acid, it agglutinates 
into small resinous lumps, which afterwards dissolve slowly in the acid. 
If the veratria is pure the solution is colorless. 

6. If veratria is treated with concentrated sulphuric acid, it also 
agglutinates at first into small resinous lumps; but these dissolve with 
great readiness to a faint yellow fluid, the color of which gradually 
increases in depth and intensity, and changes afterwards to a reddish- 
yellow, then to an intense blood-red, and finally to purple red. The 
color persists 2 or 3 hours, then disappears gradually. Addition of sul- 
phuric acid, containing nitric acid, or of binoxide of manganese causes 
no great change of color. If the fluid is then diluted with water, and 
ammonia added until the reaction is nearly neutral, a yellowish solution 
is obtained, in which ammonia added in excess produces a greenish 
light-brown preeipitate (J. ERDMANN). 

7. If veratria is dissolved in strong hydrochlorie acid, a colorless Huid 
is obtained, which by long boiling acquires an intensely red tint, perma- 
nent on standing. The reaction is very delicate, and occurs not only 
with the perfectly pure veratrine but with the ordinary commercial alka- 
loid (Trapp), 

8. Sulphocyanide of potassium produces only in concentrated solutions 
of salts of veratria flocculent, gelatinous precipitates, 

9. Addition of chlorine water to the solution of a salt of veratria 
imparts to the fluid a yellowish tint, which upon addition of ammonia, 
changes to a faint brownish color. In concentrated solutions chlorine 
produces a white preeipitate. 


d. ATROPIA, or ATROPINE (C,E.ND)): 
s 241. 


1. Atropia occurs in all parts of the deadly nightshade (atropa 
belladonna), and of the thorn-apple (datura stramonium). It forms 
small brilliant prisms and needles. It is, when pure, without odor and 
nauseously bitter ; it fuses at 90°, and volatilizes at 140° with partial 
decomposition. By heating between watch-glasses it volatilizes without 
blackening. The sublimate is soft and oily. Atropia dissolves in about 
300 parts of cold water, and 60 parts of boiling water, it is very soluble 
in alcohol, the saturated aleoholie solution is precipitated by the addition 
of a small quantity of water. It is very soluble in chloroform and 
amylie alcohol, but'it requires about forty parts of ether for solution. 

2. Atropia combines with acids, forming salts, some of which, par- 
ticularly the acid salts, do not crystallize, The salts dissolve easily in 
water and alcohol, scarcely at all in ether. The aqueous solutions of 
the salts acquire a dark color by long heating. 


$ 242.] ATROPINE. 361 


3. Atropia and its salts are active narcotie poisons.. When applied 
to the eye they dilate the pupil for a considerable time. Hyoscyamine 
has the same action; but the dilatation in this case is rather slower in 
making its appearance and more lasting. 

4. Potassa and monocarbonates of the fixed alkalies added to concentrated 
aqueous solutions of salts of atropia precipitate a portion of the alkaloid. 
The preeipitate, which is at first pulverulent, does not dissolve in excess 
of the precipitant more readily than in water. By long standing it 
becomes crystalline. Ammonia likewise produces a preeipitate, soluble 
in excess, Atropia is decomposed, in contact with fixed alkalies or with 
baryta water, slowly in the cold, rapidly on heating. bei 

5. Oarbonate of ammonia and biearbonates of the alkalies do not precipi- 
tate solutions of salts of atropia. ; 

6. Terchloride af gold added to aqueous solutions of salts of atropia 
throws down a compound of hydrochlorate of atropia and terchloride ot 
nr in the form of a yellow precipitate which gradually turns cerys- 
talline. 

7. Tannie acid produces in aqueous solutions of salts ofatropia a white 
curdy precipitate soluble in ammonia. 

8. If atropia is warmed with concentrated sulphurie acid to slight 
browning, and a few drops of water are added to the watch-glass, an 
agreeable odor is abe recalling the sloe blossom, or perhaps more 
tie cheese rennet (galium verum). On further heating the odor in- 
creases. 

9. Oyanogen gas passed into a sufliciently concentrated alcoholie 
solution of atropia produces a reddish-brown color (HINTERBERGER). 

10. Pierie acid does not precipitate solutions of pure salts of En 
Consequently solutions of atropia which after acidification with dilute 
sulphurie acid give a precipitate with this reagent, must be considered 
to contain some other unknown alkaloid (HAGER). 


Recapitulation and Remarks. 
g2aR. 


Strychnia may be separated from brucia, veratria, and atropia by 
means of absolute alcohol, since it is insoluble in that menstruum, whilst 
the latter alkaloids readily dissolve in it. The identity of strychnia is 
best established by the reaction with sulphuric acid and the above-men- 
tioned oxidizing agents;* also by the form of its erystals— when thrown 
down by alkalies—viewed under the microscope ; and lastly, by the 
form of the preeipitates produced by sulphocyanide of potassium and 
chloride of mercury. Brucia and veratria may be separated from atropia 
by shaking the alkaline solution with petroleum ether (DrAGEN- 
DORFF),. The latter takes up the brucia and veratria, but not the 
atropia. By separating the aqueous fluid from the petroleum ether and 
shaking it with ether the atropia may be obtained in ethereal solution. 
Brucia and veratria are not readily separated from one another, but may 


* The only substance which besides curarine (see above), shows somewhat analo- 
gous reactions in this respect, is aniline. A. Guy has, however, called attention to 
the fact that aniline, treated wıth sulphuric acid and oxidizing agents, acquires a pale 
green color at first, which gradually «deepens, and only then changes to a magnificent 
blue, which, after persisting some time, turns finally black. 
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be detected in presence of each other. The identity of brucia is best 
established by the reactions with nitrie acid and protochloride of tin or 
sulphide of ammonium, or by the form of the crystalline precipitate 
which ammonia produces in solutions of salts of brucia. Veratria is 
sufliciently distinguished from brucia and the other alkaloids which we 
have treated of, by its characteristic deportment at a gentle heat, and 
also by the form of the precipitate which alkalies produce in solutions of 
its salts. To distinguish veratria in presence of brucia, the reaction 
with concentrated sulphurie acid or with hydrochloric acid is selected. 


Ü. PROPERTIES AND REACTIONS OF CERTAIN NON-NITROGENOUS 
BoDIES, ALLIED TO THE ALKALOIDS, VIZ., SALICINE, DIGITA- 
LINE, AND PICROTOXINE. 


243. 
a. SALICINE (C,H ,O,)- 


1. Salieine exists in the bark and leaves of most kinds of willow and 
some kinds of poplar. It appears either in the form of white erystalline 
needles and scales of silky lustre, or, where the erystals are very small, 
as a powder of silky lustre. It has a bitter taste, is readily soluble in 
water and alcohol, but insoluble in ether. 

2. No reagent precipitates salicine as such. 

3. If salicine is treated with concentrated sulphurie acid, it agglutinates 
into a resinous lump, and acquires an intensely blood-red color, without 
dissolving ; the color of the sulphuric acid is at first unaltered. 

4. Ifan aqueous solution of salicine is mixed with Aydrochlorie acid 
and boiled for a short time, it suddenly becomes turbid with formation 
of sugar and deposits a white agglutinating precipitate (saliretine). If 
the precipitated liquor is now mixed with 1 or 2 drops of chromate of 
potassa and boiled, the saliretine will acquire a bright rose color, the 
characteristic odor of salicyligenie acid being emitted at the same time. 


8.244. 
db. DıcıTaLıne (C,H,0,% 


1. Digitaline exists in the leaves, seeds, and capsules of the fox- 
glove (digitalis purpurea). It is usually white, amorphous, but it may 
also be obtained in crystals.* It is without odor, bitter, and an active 
poison, its powder irritates the eyes and causes sneezing. At 180° it 
becomes colored but does not fuse, above 200° it is completely decom- 
posed. 

2. Digitaline is neutral. It dissolves in all proportions in chloro- 
form, and in about 12 parts ofalcohol of 90° atthe ordinary temperature, 
but more readily on boiling‘; it is less soluble in absolute alcohol. It is 
only very slightly soluble in ether free from alcohol. It is very difh- 
cultly soluble in water, even when boiling (1 part requires 1000 parts of 
boiling water), the solution, however, has a very bitter taste. 


* NATIVELLE gives a method for preparing crystallized digitaline, see Journ. de 
Pharm. 9, 255— Zeitschr. f. Chem. 5, 401—Chen. Centr. Bl. 1870, 30. The commer- 
cial digitaline is frequently a mixture of various bodies, and this explains why the 
properties of digitaline as given by different chemists are found to vary so greatly. 
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3. When digitaline is dissolved in concentrated sulphurie acid (to 
which it imparts a green color), and the solution is stirred with a rod 
dipped in bromine water, a violet reddish coloration makes its appearance 
(GRANDEAU, J. Otto). When the experiment is made in the manner 
directed the reaction is very delicate and characteristic. Delphinine only 
shows a similar deportment; but when an acid solution is shaken with 
ether delphinine does not pass into the ether, while digitaline does 
(OrTo). 

4. a acid dissolves digitaline with a greenish yellow color; 
water precipitates a resinous body from this solution. Nitrie acid dis- 
solvesit with evolution of red fumes. Acetie acid dissolves it without 
being colored. 

5. On shaking a solution of digitaline, even if acid, with ether, the 
digitaline passes into the ether (J. OTTo). 

6. The solutions of digitaline are not precipitated by solution of iodine, 
pierie acid, and metallie salts, but they are precipitated by tannie acid. 
The precipitate is somewhat soluble in boiling water. 

7. On boiling digitaline with dilute sulphurie acid sugar and digita- 
liretine are formed (Warz, Kossmann). The former may be recognised 
by its power of redueing alkaline solution of copper, the latter erystal- 
lizes from hot alcohol in brilliant grains (KossmAann). J. OTTO says 
that on boiling down a solution of digitaline in dilute sulphuric acid an 
odor recalling infusion of digitalis is noticed. 


8 245. 
ec. PıcroToxineE (C,H,O,). 


1. Picrotoxine is the poisonous principle of the fruit of menisper- 
mum cocculus. It forms white brilliant four-sided prisms or needles. 
It is without odor, very bitter, a narcotic poison, fuses when heated, 
yielding empyreumatic fumes. 

2. Pierotoxine is neutral. It dissolves in water, especially when 
hot, with tolerable ease, and crystallizes from the solution in needles 
on cooling and evaporation. Hot alcohol dissolves it with extreme 
facility. The concentrated solution solidifies when cold to a silky 
mass, more dilute solutions give silky needles when evaporated. Picro- 
toxine is difieultly soluble in ether. The latter does not withdraw ;it 
from aqueous or alkaline solution, but it does withdraw it from acidified 
solutions (G. GünkeEL). The ethereal solution when evaporated leaves 
the picrotoxine in the form of powder or scaly erystals. 

3. Acids do not neutralize pierotoxine, and, with the exception of 
acetic acid, do not increase its solubility in water. 

4. Ammonia, potassa, and soda dissolve picrotoxine freely. Acids, even 
carbonic acid, preeipitate it from the concentrated solutions. Picro- 
toxine therefore possesses the character of an acid rather than ofa base. 
The solutions of picrotoxine in potassa or soda when heated acquire a 
yellow or yellowish red color. 

5, Ifa solution of pierotoxine containing potassa or soda is mixed 
with a solution of tartrate af copper and potassa and warmed gently, sub- 
oxide of copper separates. 

6. Solution of iodine, pierie acid, tannic acid, and metallic salts do not 
precipitate solutions of pierotoxine. 
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SYSTEMATIC ÜOURSE FOR THE DETECTION OF THE ALKALOIDS AND 
OF SALICINE, DiGITALINE, AND PICROTOXINE. 


In the methods described under I. and Il., it is presupposed that the 
non-volatile alkaloids, &c., are in concentrated solution, dissolved in 
water by the agency of acids, and free from any substances which would 
obseure or modify the reactions. Under III. will be described methods 
to be used in the presence of coloring or extractive matters, and for the 
detection of volatile alkaloids. 


x 


I. Detection 0OF THE NON-VOLATILE ALKALOIDS, &c., IN SoLv- 
TIONS CONTAINING ONLY ONE OF THESE SUBSTANGES.* 


8246. 


1. To a portion of the solution add a drop of dilute sulphurie acid 
and then some solution of iodine in iodide of potassium or of phospho- 
molybdie acid. 


a. No preeipitate is formed. Absence of all alkaloids, possible 
presence of salieine, digitaline, picrotoxine. Pass on to 5. 


* Where the detection of one of the five more frequently occurring poisonous alka- 
loids alone is the object, the following simple method, devised by J. ERDMANN, will 
fully answer the purpose. 

In this method, which is more especially applicable in cases where the disposable 
quantity of substance is very small, the alkaloids are supposed to be present in the 
pure state and in the solid form. 

1. Treat the substance with 4 or 6 drops of pure concentrated sulphuric acid. 

Yellow color, speedily changing to red: VERATRIA. 

Rose color, changing afterwards to yellow : Brucıa. 

The other alkaloids, if pure, impart no color to the sulphurice acid. (See Huse- 
MANN’S statement in opposition, $ 234, 5.) 

2. No matter whether there is color or not, add to thefluid obtained in 1, 10 or 20 
drops of concentrated sulphuric acid mixed with nitrie acid (see foot-note to S 233, 7), 
then 2 or 3 drops of water. After a quarter or half-hour the Auid shows: 

a. a violet-red color : MORPHIA ; 
an onion-red color : NARCOTINA ; 
ec. & transient-red tint, changing to yellow : BRucıA ; 

d. the red color of the sulphuric acid solution of V ERATRIA is not materially altered ; 
e. with STRYCHNIA no coloration is observed. 

Put into the fluid obtained in 2, no matter whether colored or not, 4 or 6 clean 
fragments of binoxide of manganese, of the size of a lentil. After an hour the fluid 
shows: 

a. a mahogany-brown color: MORPHIA ; 

b. a yellowish-red to blood-red color: NARCOTINA ; 

c. a transient purple-violet tint, changing to deep onien-red : STRYCHNIA ; 

d. a transient red tint, changing to gamboge- yellow : Bruc1A ; 

e. a dark dirty cherry-red color: VERATRIA, 

4. Pour the colored fluid obtained in 3, into a test tube containing 4 times the 
volume of water, and add ammonia until the neutralization point is almost attained. 
Heat must be as much as possible avoided in these operations. 

a. dirty-yellow color, changing to brownish-red upon supersaturation with ammonia, 
without immediate deposition of a notable preeipitate: MORPHIA ; 

b. reddish coloration, more or less intense according to the degree of dilution ; upon 
supersaturation with ammonia, copious dark-brown precipitate : NARCOTINA. 

c. violet-purple colored solution, becoming yellowish-green to yellow upon addition . 
of ammonia in excess: STRYCHNIA. 

d. guld-yellow solution, not materially changed by excess of ammonia: Bru0IA ; 

e. faint brownish solution, turning yellowish upon further addition of ammonia, and 
depositing a greenish light-brown precipitate: VERATKIA. 


= 
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b. A precipitate is formed. There is cause to suspect the presence 
of an alkaloid; pass on to 2. 

2. To a portion of the aqueous solution add dilute potassa or soda 
drop by drop, till the fluid acquires a scarcely perceptible alkaline re- 
action, stir, and allow to stand for some time. 

a. No precipitate is formed : this is a positive indication, if the 
solution was concentrated, of the absence of all alkaloids; but 
if the solution was dilute, there is a possibility that Arropıa may 
be present. Test further portions of the solution therefore if neces- 
sary according to $ 241 with terchloride of gold, tannic acid, and 
heating with sulphuric acid. 

b. A precipitate is formed. Add potassa or soda drop by drop 
till the fluid is strongly alkaline, and if it does not become clear, 
water also. 

a. The precipitate disappears: morphia or atropia. Test a fresh 
portion of the solution with iodie acid ($ 233, 10). 

aa. Separation of iodine: MORPHIA. Confirm by 8233, 

&B. 

bb. No separation of iodine: ATROPIA. Confirm as in a. 

ß. The preeipitate does not disappear : presence of an alkaloid 
of the second or third group (atropia excepted). Pass on 
to 9. 

3. To another portion of the original solution add two or three drops 
of dilute sulphuric acid, then a saturated solution of bicarbonate of soda, 
till the acid reaction just vanishes; stir actively with a glass rod, rubbing 
the sides of the vessel and allow to stand half an hour. 

a. No precipitate is formed: absence of narcotina and einchonia. 
Pass on to 4. 

b. A precipitate is formed : narcotina, einchonia, perhaps also 
quina (since its precipitation by bicarbonate of soda is entirely 
dependent on the amount of water present). To a portion of the 
original solution add ammonia in excess, then a sufficient quantity 
of ether, and shake. 

a. The preeipitate redissolves in the ether, the elear KHuid presenting 
two distinct layers. Narcotina or quina. To distinguish between 
them test a fresh portion of the original solution with chlorine 
water and ammonia. If the solution turns green, QUINA is 
present, if yellowish-red, NARCOTINA is present. To confirm 
for narcotina apply the test with sulphuric acid containing nitrie 
acid ($ 234, 6). 

ß. The preeipitate does not redissolve in the ether: CINCHONIA. 
To confirm try the deportment on heating ($ 236, 3) or to ferro- 
cyanide of potassium ($ 236, 8). 

4. Put a portion of the original substance or of the residue obtained 
by evaporating the original solution, in a watch-glass, and add concen- 
trated sulphurie acid. 

a. A rose-colored solution is obtained, which becomes intensely 
red upon addition of nitrie acid: BRUCIA. Confirm by nitric acid 
and protochloride of tin ($ 239, 6). 

b. A yellow solution is obtained, which gradually turns yellowish- 
red, blood-red, and erimson : VERATRIA. 

e. A colorless solution is obtained, which remains colorless on 
standing. Add a fragment of chromate of potassa, a deep blue 
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coloration indicates STRYCHNIA, no change indicates QUINA. 
Confirm by chlorine water and ammonia. 
5. To determine whether salieine, digitaline, or pierotoxine are 
present, mix a fresh portion of the original solution with tannie acid. 
| a. A dirty white loceulent precipitate: DIGITALINE may be 
suspected. Test for it with sulphuric acid and bromine water 
(8 244, 3). 

b. No preeipitate is formed. Make a portion of the original 
solution barely alkaline with soda solution, add a solution of tar- 
trate of copper and potassa, and warm. 

a. Suboswide of copper is thrown down: PICROTOXINE may be sus- 
pected. Acidify a portion of the original solution, add ether, 
shake, pour off the ethereal layer, and let it evaporate. If 
pierotoxine is present, it will remain, and may be further tested 
by 8 245. 

ß. No subowide of copper is thronn donm: SALICINE may be 
suspected. Test for it by boiling with dilute hydrochlorie acid, 
&e., according to $ 243, 4, and by concentrated sulphuric acid, 
according to $ 243, 8. 


II. DETECTION OF THE NON-VOLATILE ÄLKALOIDS, &c., IN SOLU- 
TIONS WHICH MAY CONTAIN ALL THESE SUBSTANCES. 


s 247. 


1. Acidify the solution with hydrochlorie acid, add pure ether free 
from alcohol, shake, pour off the ether, and allow it to evaporate in a 
glass dish. 

a. No residue remains: absence of digitaline and picrotoxine, 
Pass on to 2. 

db. A residue remains: digitaline and pierotoxine may be suspected 
(it must not be forgotten that other substances might pass into 
ethereal solution under these eircumstances, such as oxalie acid, 
tartaric acid, lactic acid, Otto). Add fresh ether to the aqueous 
residue, shake again and pour off, in order to remove whatever is 
soluble in ether as completely as possible, and let the ether eva- 
porate. Proceed with the aqueous residue according to 2, and 
treat the residue of the ether solution, which may contain traces 
of atropia, as follows :— 

a. Dissolve a portion in alcohol, and allow the solution to 
evaporate slowly : long silky needles radiating from a point 
indicate PICROTOXINE. Confirm according to $ 245. 

ß. Dissolve a portion in concentrated sulphurie acid, and add 
bromine water. A reddish color indicates DIGITALINE. Üon- 
firm by $ 244. 

y. Traces of arroPIA can only be recognised by the property 
of the aqueous solution of the residue to dilate the pupil. 

2. To a portion of the aqueous solution add a solution of iodine 
in iodide of potassium, to another portion add some phosphomolybdie 
acid. 

a. A precipitate is produced in both cases: alkaloids are indicated. 
Pass on to d. 
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b. No precipitate is produced in either case: alkaloids are contra- 
indicated. Pass on to test for salicine according to $ 243, 

3. To a small portion of the aqueous solution add potassa or soda 
till just alkaline, observe whether or no a precipitate is produced, then 
add potassa or soda in good excess and dilute. 

a. No precipitate was produced by potassa or soda, or a preeipitate so 
produced has redissolved : presence of atropia or morphia, absence of 
all other alkaloids. Mix a fresh and larger portion of the aqueous 
solution with bicarbonate of potassa or = in excess, stir, and 
allow to stand some time. 

a. No precipitate is produced: absence of morphia. Shake the 

_ #uid with ether, separate the ether, allow it to evaporate, and 
test the residue for ATROPIA by $ 241,6,7,8. 

P. A preeipitate is produced: MORPHIA. Filter, treat the 
filtrate according to a, to test for atropia, and test the precipi- 
tate for morphia according to $ 233, 7 and 8. 

b. A precipitate was produced by potassa or soda, which would not 
redissolve in excess of the precipitant or by moderate dilution: treat a 
larger portion of the acidified aqueous Huid like the small portion 
above, and filter. Proceed with the precipitate according: to 4. 
Shake the alkaline filtrate with ether, allow to stand for an hour 
(so that the morphia which has at first dissolved in the ether may 
separate again as completely as possible), and separate the ether. 
Allem the ether to evaporate, and test the residue for ATROPIA 
according to $ 241, 6, 7, 8. Separate the MmorPHIA from the 
aqueous layer by carbonic acid ($ 233, 4) and test it according to 
8233, 7 and 8. 

4. Wash the preeipitate filtered off in 3, D, with cold water, dis- 
solve it in slight excess of dilute sulphuric acid, add solution of bicar- 
bonate of soda till the fluid is neutral, stir actively, rubbing the sides 
of the vessel, and allow to stand for an hour. 

a. No precipitate is formed: absence of narcotina and einchonia. 
Boil the solution nearly to Ne and take up the residue with 
cold water. If nothing insoluble remains, pass on to 6; if a 
residue does remain, examine it by 5 for quina (of which a small 
amount may be present) strychnia, brucia, and veratria. 

b. A precipitate is formed. (This may contain narcotina, cin- 
chonia, and quina, compare $ 246, 8, b). Filter, proceeding 
with the filtrate according to a, with the precipitate as fol- 
lows :——Wash it with cold water, dissolve in a little hydro- 
chlorie acid, add ammonia in excess, and then a suflicient quantity 
of ether. 

a. The precipitate has completely dissolved in the ether, and. tn:o 
clear layers of fluid are formed: absence of einchonia, presence of 
quina or narcotina. Evaporate the ethereal solution, take u 
the residue with a little hydrochlorie acid, add water till the 
dilution is at least 1: 200, then bicarbonate of soda till neutral, 
and allow to stand for some time, A precipitate indicates 
NARCOTINA: confirm by chlorine water and ammonia, also by 
sulphurie acid containing nitrie acid ($ 234). Evaporate the 
clear fluid or the filtrate from the narcotina to dryness, and 
treat with water. If a residue remains, wash it, dissolve in 
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hydrochlorie acid, and add chlorine water and ammonia; a 

green coloration indicates QUINA. 

B. The precipitate has not dissolved in the ether, or not completely : 
CINCHONIA, perhaps also quina or narcotina. Filter, and test 
the filtrate as in a for quina and narcotina; the precipitate 
consists of cinchonia, and may be further tested according to 
8.236, 3 or 8. 

5. Wash the insoluble residue of 4, a, with water, dry it in a water- 
bath, and digest with absolute alcohol. 

a. It dissowes completely : absence of strychnia, presence of 
(quina) brucia or veratria. Evaporate the alcoholic solution on 
the water-bath to dryness, and, if quina has already been detected, 
divide the residue into two portions, and test one part for BRUCIA, 
with nitric acid and protochloride of tin ($ 239, 6), the other for 
VERATRIA, by means of concentrated sulphurie acid ($ 240, 6); but 
if no quina has as yet been detected, divide the residue into three 
portions, a, b, c; examine a and b for BRUCIA and VERATRIA, in 
the manner just stated, and e for QuıwA, with chlorine water and 
ammonia. However, if brucia is present, dissolve e in hydro- 
chlorie acid, add ammonia and ether, let the mixture stand for 
some time, evaporate the ethereal solution, and examine the 
residue for quina. 

b. It does not dissolve, or at least not completely : presence of 
STRYCHNIA, perhaps also of (quina) brucia and veratria. Filter, 
and examine the filtrate for (QUINA) BRUCIA and VERATRIA as 
directed in a. The identity of the precipitate with strychnia is 
demonstrated by the reaction with sulphuric acid and chromate of 
potassa ($ 238, 8). 

6. To the rest of the acidified solution which has been exhausted 
with ether, add more hydrochlorie acid and boil for some time. If a 
precipitate is formed, the presence of SALICINE is indicated. Confirm 
by adding chromate of potassa to the precipitated Auid and boiling 
$ 243, &) and by testing the original substance with concentrated 
sulphuric acid ($ 243, 3). 


III. DETECTION OF THE ALKALOIDS AND OF DiG1TALINE AND 
PICROTOXINE IN PRESENCE OF EXTRACTIVE AND ÜOLORING 
VEGETABLE OR ANIMAL MATTERS. 


The presence of mucilaginous, extractive, and coloring matters 
renders the detection of the alkaloids a task of considerable dificulty. 
T'hese matters obscure the reactions so much that we are even unable 
to determine by a preliminary experiment, whether the substance 
under examination contains alkaloids or not. I will now give several 
methods by means of which the separation of the alkaloids from such 
extraneous matters may be effected, and their detection made practi- 
cable. Which of these methods to select will depend upon the par- 
ticular eircumstances of the case. 
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l. MErnoD or Stas* FOR THE DETECTION oF Po1sonous 
ALKALOIDS (AND OF DIGITALINE AND PICROTOXINE), MODIFIED 
BY J. Otto.} 

8.248. 


Stas’s process depends upon the following facts: 

a. T'he acid salts of the alkaloids are soluble in water and alcohol. 

ß. The neutral and acid salts of the alkaloids are generally in- 
soluble in ether. Hence salts of the alkaloids do not usually pass 
into ethereal solution when the neutral or acid solution is shaken 
with ether, and hence also the alkaloids pass into aqueous solu- 
tion as acid sulphates when the ethereal solution of the pure 
alkaloid is shaken with dilute sulphuric acid. 

y. If aqueous solutions containing the neutral or acid salts of 
alkaloids are mixed with caustic, carbonated or bicarbonated 
alkalies, the alkaloids are liberated, and if now ether or amylic 

- alcohol is added and the mixture is shaken, the pure alkaloids pass 
into solution in the latter fHuid. 
It will be evident from the following that there are certain ex- 
ceptions to these general rules. 


a. If you have to look for alkaloids in the contents of a 
stomach or intestines, in food, or generally in pappy matters, mix 
the substance with twice its weight of strong pure alcohol, and 
Just enough tartarie acid to give a decided reaction, and warm to 
0° or 75°. Allow to cool thoroughly, filter, and wash with strong 
pure alcohol. 

If you have to deal with the heart, liver, lungs, or similar 
organs, cut them into fine shreds, moisten with the acidified 
alcohol, squeeze, repeat the operation till the substance is ex- 
hausted, and filter the mixed Huids. 

db. Evaporate the alcoholie fluids at a rather low temperature. 
This may be done on a water-bath, keeping the water at about 
80°. "The solution under these eircumstances will not rise higher 
than 40 or 50°. Ifthis temperature is considered too high, you 
may hasten the evaporation by blowing air across the surface of 
the solution. Sras considers that the temperature should not ex- 
ceed 35° ; he therefore evaporates under a bell-glass over sulphuric 
acid, with or without the aid of an air pump, or in a retort with 
a current of air passing through it. Such extreme caution, how- 
ever, is very rarely necessary; at all events, the prineipal bulk of 
the fluid may always be evaporated off on a gently heated water- 
bath. 

If insoluble substances separate on evaporation (fat, &e.), as 
indeed is usually the case, filter the now aqueous fluid through a 
moistened filter, and evaporate the filtrate and washings as above 
described to the consistence of an extract. If no insoluble sub- 
stances separate on evaporating the alcoholie fluid, you may, of 
course, at once evaporate to the consistence of an extract. 


* Bull. de ’Academie de Medeeine de la Belgique, 9, 304-—-Jahrb. f. prakt. 
Pharm. 24, 313—Jahresb. von LIEBIG u. Kopp, 1851, 640. 

+ Annal. der Chen. u. Pharm. 100, 44—Orro’s Anleit. zur Ausmittel. der Gifte, 
3 ed., 33. 
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c. To the residue left on evaporacion, add gradually small por- 
tions of cold absolute alcohol, mix intimately, and finally add a 
large quantity of alcohol, in order to separate everything that can 
be preeipitated by it. Filter the aleoholic extract through a filter 
moistened with alcohol, wash the residue with cold alcohol, 
evaporate the alcoholic solution at a low temperature (see above), 
take up the residue with a little water, neutralize the greater 
part of the free acid with dilute soda, leaving the solution dis- 
tinetly acid, and shake with pure ether, free from alcohol and oil 
of wine (Örro). By the aid of a separating funnel, or an ordinary 
burette, separate the ether from the aqueous layer, and wash the 
latter again and again with fresh ether, until the ether is no longer 
colored. The ether takes up besides coloring matters also picro- 
toxine and digitaline (and colchicine). It is advisable to keep 
the first strongly colored ethereal extract apart from the subse- 
quent ethereal washings, so that they may be examined separately 
(compare Ah). 

d. Warm the aqueous solution which has been separated from 
ether gently, to remove the dissolved ether, and add solution of 
soda cautiously, till the fuid gives a distinet reaction with turmeric 
paper. The alkaloids are thus liberated, morphia dissolving in the 
excess of soda. Shake the fluid with pure ether, and after half 
an hour or an hour, separate the two layers of Huid as inc. The 
ethereal extract contains the whole of the alkaloids, except 
morphia, only asmall part of which dissolves in it. The amount 
of morphia dissolved by the ether is the smaller, the more com- 
pletely the acidified aqueous solution was freed from dissolved 
ether, and the longer the time which was allowed to elapse be- 
tween the shaking with ether and the separation of the two layers 
of fluid. Allow a portion of the ethereal extract to evaporate ın a 
large watch-glass, which should be heated to about 25° or 30° (to 
prevent condensation of water). Ifno residue remains, no alkaloid 
was dissolved in the ether; pass on to g. If a residue does re- 
main, its appearance will give you some idea of the nature of the 
alkaloid : thus oily streaks which gradually colleet to a drop, and 
when gently warmed give an unpleasant suffocating odor, would 
indicate a Huid, volatile base; while again a solid residue, or a 
turbid fluid containing solid particles in suspension, would indicate 
a non-volatile solid base. Ifthe ethereal extract has left a residue, 
repeat the treatment of the aqueous Aluid with fresh supplies of 
ether, till a portion of the last ethereal washings leaves no residue 
on evaporation. Allow the mixed ethereal extracts to evaporate in 
a small glass dish placed upon a bath containing water at about 30°, 
keeping the little dish filled up by the addition of fresh quantities. 

The aqueous fluid which contains the morphia is to be examined 
according to g. 

e. If the acidified aqueous fluid in e has been well exhausted 
with ether, on the evaporation of the ethereal extract the alkaloids 
will remain in so pure a state, that the tests may be applied at 
once to theresidue. If theresidue consists of oily streaks or drops, 
cumplete the evaporation in a vacuum over sulphuric acid, in order 
to remove the remainder of the ether and ammonia, and then test 
for conia and nicotina according to p. 348. If the residue is crys- 
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talline, examine it under the microscope, and then test it according 
to $ 246 or 247, unless the appearance of the erystals should indi- 
cate a particular alkaloid. If the residue consists of amorphous 
rings, dissolve it in absolute alcohol with the aid of a gentle heat, 
allow the solution to evaporate slowly, observe whether any 
crystals are thus formed, and then proceed as directed. 

f. If, on the contrary, the acidified aqueous fluid in ce has been 
insuffliciently treated with ether, the residue obtained on tlıe 
evaporation of the ethereal extract will not be pure enough to be 
tested at once. In this case dissolve it in water slightly acidified 
with sulphurie acid, filter if necessary, and shake repeatedly with 
ether (the ethereal solution may contain the remainder of the 
picrotoxine and digitaline, and is to be treated like the ethereal 
solution obtained in e), mix the aqueous solution with potassa in 
good excess, and shake repeatedly with ether, as prescribed in d. 
Allow the ethereal extracts to evaporate, and proceed with the 
residue, thus purified, as in e;* mix the aqueous fluid, which may 
contain the remainder of the morphia, with the Huid obtained in d. 

9. The alkaline Auid obtained in d, or ind and ‚f, which must 
contain the whole or the greater part of the morphia, is treated as 
follows :—Add hydrochlorie acid to acid reaction, then ammonia 
in excess, then without delay pure amylic alcohol, and shake.t 
As morphia is decidedly more readily soluble in warm amylie 
alcohol than in cold, it is advisable to dip the flask in warm water. 
Separate the two fluids by means of a funnel, and repeat the ex- 
traction with fresh quantities of amylie alcohol. Allow the amylic 
extracts to evaporate, and test the residue for morphia. If the 
residue is not pure enough, dissolve it in water acidified with sul- 
phuric acid, filter, shake with warm amylie alcohol, mix the 
aqueous Auid with ammonia, and shake with amylic alcohol. On 
evaporating this amylic extract the morphia will remain pure. 

h. The ethereal extracts obtained in c, or in c and f, have now to 
be tested for picrotoxine and digitaline. The extracts also contain 
coloring matters, which are prineipally present in the first portions. 
It is therefore advisable to evaporate the first portions apart from 
the latter portions, and to examine the residues separately. 

Warm them with water, and filter the solutions from the 
insoluble matter, which generally has a resinous character. Ifthe 
solutions possess an acid reaction, neutralize with some precipitated 
chalk, evaporate cautiously to dryness, exhaust the residue with 
ether, allow the extract to evaporate, treat the residue again with 


* As it appears that strychnia cannot be obtained pure in this way, FR. JANSSENs 
recommends (Zeitschr. f. anal. Chem. 4, 48) to mix the solution in dilute tartaric acid 
containing foreign substances, with finely powdered bicarbonate of soda, so that the 
tuid may be acidified with free carbonic acid only. If any preeipitate is formed, this 
should be filtered off as quickly as possible. The strychnia is dissolved. in the free 
carbonie acid, and will be precipitated by boiling the filtrate and partially eyaporating 
it. When it has been filtered off and washed, it is dissolved in a small quantity of 
dilute sulphurie acid (1: 200), carbonate of potassa is added in excess, and the fluid is 
shaken with six times its volume of ether, which is then poured off and allowed to 
evaporate. 

t Stas recommended ether only for the extraction of alkaloids, while L. v. Ustar 
and J. ERDMANN (Annal. d. Chem. u. Pharm. 120, 121, and 122, 360) prefer the use 
of amylie aleohol only. However, it is best to employ buth menstrua as directed in 
the text. j 
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water, and test the aqueous solution thus obtained for digitaline, 
pierotoxine, and traces of atropine, according to $ 247,1. (In the 
presence of colchicine the aqueous solution would appear yellow.) 


2. METHODS OF DETECTING STRYCHNIA, BASED UPON THE USE 
OF ÜHLOROFORM.* 


$ 249. 
a. Rodgers and Girdwood’s METHOD.+ 


Digest the substance under examination with dilute hydrochloric acid 
(1 part of acid to 10 parts of water) and filter; evaporate the filtrate on 
the water-bath to dryness, extract the residue with spirit of wine, evapo- 
rate the solution, treat the residue with water, filter, supersaturate the 
filtrate with ammonia, add 15 grm. of chloroform, shake, transfer the 
chloroform to a dish, by means of a pipette, evaporate on the water-bath, 
moisten the residue with concentrated sulphuric acid, to effect carboniza- 
tion of foreign organic matters, treat with water, after the lapse of several 
hours, then filter. Supersaturate the filtrate again with ammonia, and 
shake it with about 4 grm. of chloroform. Repeat the same operation 
until the residue left upon the evaporation of the chloroform is no longer 
charred by sulphuric acid. Transfer the chloroform solution, which 
leaves a pure residue, drop by drop, by means of a capillary tube, to the 
same spot on a heated porcelain dish, letting it evaporate, then test the 
residue with sulphuric acid and chromate of potassa. Ropsers and 
GIRDWOOoD succeeded in detecting by this method so small a quantity 
of strychnia as the zo'5u of a grain. 


b. METHOD RECOMMENDED BY EZ. Prollius.t 


Boil twice with spirit of wine, mixed with some tartaric acid, evapo- 
rate at a gentle heat, filter the residuary aqueous solution through a 
moistened filter, add ammonia in slight excess, then about 1}; grm. chlo- 
roform, shake, free the deposited chloroform thoroughly from the ley, 
by decanting and shaking with water, mix the chloroform so purified 
with 3 parts of spirit of wine, and let the fluid evaporate. If there is 
any notable quantity of strychnia present, it is obtained in erystals. 


c. METHOD RECOMMENDED BY R. P. Thomas.! 


Acidify slightly with pure acetic acid|| (sp. gr. 1'041), and digest for 
several hours at a gentle heat, then strain, press, filter, add potassa in 
good excess, and shake with chloroform. Separate the chloroform, wash 
it from potassa, and evaporate; the strychnia will be found in the 
residue. The morphia remains in the potassa, and may be precipitated 
gradually by chloride of ammonium. 


* These methods are no doubt useful also for effecting the separation of other 
alkaloids ; however, the deportment of the latter with chloroform has not yet been 
sufficiently studied. 

r LiEBIG and Kopp’s Jahresbericht, 1857, 603. Pharm. Journ. Trans., 16, 497. 

£ Chem. Centrabl., 1857, 231. 

$ Zeitschr. f. anal. Chem. 1, 517. This method includes the detection of morphia. 


|| Acetie acid is recommended, as it also dissolves the tannates of strychnia and 
morphia. 
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3. METHOD OF EFFECTING THE DETECTION OF STRYCHNIA IN BEER, 
BY Graham and A. W. Hofmann.* 


8.250. 


This method, which is based on the known fact that a solution of a 
salt of strychnia, when mixed and shaken with animal charcoal, yields 
its strychnia to the charcoal, will undoubtedly be found applicable also 
for the deteetion of other alkaloids.. The process is conducted as 
follows :—— 

Shake 30 grm. animal charcoal in 1 litre of the aqueous neutral or 
feebly acid Huid under examination ; let the mixture stand for from 12 
to 24 hours, with occasional shaking, filter, wash the charcoal twice 
witlı water, then boil for half-an-hour with 120 e.c. of spirit of wine of 
80—90 per cent., avoiding loss of alcohol by evaporation. Filter the 
spirit of wine hot from the charcoal, and distil the filtrate; add a few 
drops of solution of potassa to the residual watery fluid, shake with ether, 
let the mixture stand at rest, then decant the supernatant ether. The 
ethereal fluid leaves, upon spontaneous evaporation, the strychnia in a 
state of suflicient purity to admit of its further examination by reagents. 

MacApamt employed the same method in his numerous experiments 
to deteet strychnia in the bodies of dead animals. He treated the 
comminuted matters with a dilute aqueous solution of oxalic acid in the 
cold, filtered through muslin, washed with water, heated to boiling, 
filtered still warm, from the coagulated albuminous matters, shook with 
charcoal, and proceeded in the manner just described. According to his 
statements, the residue left by the evaporation of the alcoholie solution 
was generally at once fit to be tested for strychnia. Where it was not 
so, he treated the residue again with solution of oxalie acid, and repeated 
the process with animal charcoal. 


4. SEPARATION BY DIALYSIS, 
>51. 


The dialytie method devised by GrAHAm, and described in $ 8, may 
also be advantageously employed to eflect the separation of alkaloids 
from the contents of the stomach, intestines, &c. Acidify with hydro- 
chlorie acid, and place the matter in the dialyser. The alkaloids, being 
erystalloids, penetrate the membrane, and are found, for the greater part, 
after 24 hours, in the outer fluid; from this they may, then, according 
to circumstances, either be thrown down at once, after concentration by 
evaporation; or they may be purified by one of the above described 
methods. 


11, 


GENERAL PLAN OF THE ORDER IN WHICH SUBSTANCES 
SHOULD BE ANALYSED FOR PRACTICE. 


$ 252. 


It is not a matter of indifference whether the student, in analysing 
for the sake of practice, follows no rule or order whatever in the 


* Chem. Soc, Quart. Journ., 5, 173. t Pharm. Journ. Trans., 16, 120, 160. 
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selection of the substances which he intends to analyse, or whether, on 
the contrary, his investigations and experiments proceed systematically. 
Many ways, indeed, may lead to the Tesired end, but one of them will 
invariably prove the shortest. I will, therefore, Lere point out a course 
which experience has shown to lead safely and speedily to the attain- 
ment of the object in view. 

Let the student take 100 compounds, systematically arranged (see 
below), and let him analyze these compounds successively in the order 
in which they are placed. A careful and diligent examination of these 
will be amply suflicient to impart to him the necessary degree of skill in 
practical analysis. When analysing for the sake of practiee only, the 
student must above all things possess the means of verifying the results 
obtained by his experiments. The compounds to be examined ought, 
therefore, to be mixed for him by a friend who knows their exact com- 
position. 


A. From 1to 20. 


AQUEOUS SOLUTIONS OF SIMPLE SALTS: e.g., sulphate of soda, 
nitrate of lime, chloride of copper, &e. These investigations will serve 
to teach the student the method of analysing substances soluble in water 
which contain but one base. In these investigations it is only intended to 
ascertain which base is present in the fluid under examination; but 
neither the detection of the acid, nor the proof of the absence of all 
other bases besides the one detected, is required. 


B. From 21 to 50. 


SALTS, ETC., CONTAINING ONE BASE AND ONE ACID, OR ONE 
METAL AND ONE METALLOID (in form of powder): e.g., carbonate of 
baryta, borate of soda, phosphate of lime, arsenious acid, chloride of 
sodium, bitartrate of potassa, acetate of copper, sulphate of baryta, 
chloride of lead, &c. These investigations will serve to teach the stu- 
dent how to make a preliminary examination of a solid substance, by 
heating in a tube or before the blow-pipe; how to convert it into a 
proper form for analysis, i.e., how to dissolve or decompose it; how to 
detect one metallic oxide, even in substances insoluble in water ; and how 
to demonstrate the presence of one acid. The detection of both the base 
and the acid is required, but it is not necessary to prove that no other 
bodies are present. 


C. From 51 to 65. 


ÄQUEOUS OR ACID SOLUTIONS OF SEVERAL BASES. These inves- 
tigations will serve to teach the student the method of separating and 
distinguishing several metallic oxides from each other. The proof is 
required that no other bases are present besides those detected. No 
regard is paid to the acids. 


D. From 66 to 80. 


DRY MIXTURES OF EVERY DESCRIPTION. A portion of the salts 
should be organic, another inorganic; a portion of the compounds 
soluble in water or hydrochloric acid, another insoluble; e.g., mixtures 
ot chloride of sodium, carbonate of lime, and oxide of copper ;—of phos- 
phate of magnesia and ammonia, and arsenious acid ;—of tartrate of 
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lime, oxalate of lime, and sulphate of baryta ;—of phosphate of soda, 
nitrate of ammonia, and acetate of potassa, &e. 

These investigations will serve to teach the student how to treat 
mixtures of different substances with solvents; how to detect several 
acids in presence of each other; how to detect the bases in presence 
of phosphates of the alkaline earths;—and they will serve as a general 
‚introduction to scientifie and practical analysis. Alithe component 
parts must be detected, and the nature of the substance ascertained. 


E, From 81 to 100. 


NATIVE COMPOUNDS, ARTICLES OF COMMERCE &c. Mineral and 
other waters, minerals of every description, soils, potash, soda, alloys, 
colors, &ec. 


IT 


"ARRANGEMENT OF THE RESULTS OF THE ANALYSES PERFORMED 
FOR PRACTICE, 


8259. 


The manner in which the results of analytical investigations oucht 
to be arranged is not a matter of indifference. The following examples 
will serve to illustrate the method which I have found the most suitable 
in this respect. 


PLAN OF ARRANGING THE RESULTS OF EXPERIMENTS, Nos. 1—20. 


Colorless Auid of neutral reaction. 














HCl HS NH,S NH,0, CO, and 
no precipitate, | no preeipitate, | no precipitate, NH,CI 
consequently no no PbO no Fe O a white precipitate, 
AgO „HgO „ MnO consequently either 
Hg, O „CuO „ NiO BaO, SrO, or CaO, 
+ BIO, CU) no Pe by 
„, CAO „ Z2u0 solution of sul- 
——  phate of lime, 
„As0, ;AlO, consequently 
20, , DENE LIME. 
„Sb0, Confirmation by 
„ 80 0, V 
2:49, 
” Au 0, 
„PtO, 
„Fe%0, 
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PLAN OF ARRANGING THE RESULTS OF ExPERIMENTS, Nos. 21—50. 


White powder, fusing in the water of erystallization upon application 
of heat, then remaining unaltered—soluble in water—reaction 


neutral. 





Ha H8 NHS |NH,0,C0, | 2Na0, H0,PO, and 
H,O 


no preei- | no preci= | no preeipi- | and NH,C1 N 
pitate. | pitate. tate. no precipi- a white preeipitate, 
tate. consequently 
MAGNESIA. 


The detected base being MgO, and the analysed substance being 


soluble in water, the acid can only be C1, I, Br,S0,,NO,A,&c. The 
preliminary examination has proved the absence of the organie acids 


and of nitrie acid. 
BaCl produces a white precipitate which HCl fails to dissolve; 


consequently SULPHURIC ACID. 
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12 


TABLE 


OF THE 


MORE FREQUENTLY OCCURRING FORMS AND 
COMBINATIONS OF THE SUBSTANCES TREATED OF IN THE 
PRESENT WORK, 


ARRANGED 
WITH ESPECIAL REGARD TO THE OLASS TO WHICH THEY RESPECTIVELY BELONG 
ACCORDING TO THEIR SOLUBILITY 


IN WATER, IN HYDROCHLORIC ACID, IN NITRIC ACID, 
OR IN NITROHYDROCHLORIC ACID. 


8 254. 
PRELIMINARY REMARKS, 


The class to which the several compounds respectively belong ac- 
cording to their solubility in water or acids (see $ 179), is expressed by 
figures. Thus 1 or I means a substance soluble in water; 2 or lIa 
substance insoluble in water, but soluble in hydrochlorie acid, nitrie 
acid, or nitrohydrochlorie acid; 3 or III a substance insoluble in water, 
in hydrochloric acid, and in nitrie acid. For those substances which 
En as it were on the limits between the various classes, the figures 
of the classes in question are jointly expressed: thus 1—Q signifies a 
substance sparingly soluble in water, but soluble in hydrochlorie acid 
or nitric acid ; 1—3 a body sparingly soluble in water, and of which the 
solubility is not notably increased by the addition of acids; and 2—3 
a substance insoluble in water, and sparingly soluble in acids.. Wher- 
ever the deportment of a substance with hydrochlorie acid differs ma- 
terially from that which it exhibits with nitric acid, this is stated in the 
notes, 

The Roman figures denote ofieinal and more commonly occurring 
compounds. | 
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The haloid salts and sulphur compounds are placed in the columns 
of the corresponding oxides. The salts given are, as a general rule, the 
neutral salts; the Dasie, acid, and double salts, if oflieinal, are men- 
tioned in the notes; the small figures placed near the corresponding 
neutral or simple salts refer to these. 
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NOTES TO TABLE OF SOLUBILITY. 


1. Bichromate of potassa 1. 
2. Bisulphate of potassa I. 
3. Tartarized borax I. 
4. Binoxalate of potassa I. 
5. Bitartrate of potassa I. 
6. Tartrate of ammonia and potassa I. 


7. Tartrate of soda and potassa I. 


8. Phosphate of soda and ammonia I. 


COMPOUNDS. 





„!Aso0| Pbo | Hz,0 |HgO|Cu0| BiO, |CAOAuO, PtO, |Sn0|SnO, SbO, 
a mie) Elmar ch 2 | 2 laas| u 


42 











2 |IEIIM| 2 als | a 9 2 2 
mm al u | I I 1 1 2 
2|2 2 3 h3 1 2-18 % 4.2.32 
2|2 vi Img 2 
212 2 a u T U; 
ii ı #32 | 1 J2 
| ıo 2 a|lı| 2i be 
og 2 2 
2. A 3 1 A a a u a I FE 2: 
sv al ii) HB rRI ei 1-2 
a mim mt v.PEV 19 
ıı| 2 ı |2 2 

Is ı 2 3 3 
3 | 12 
2,| UI II I, | 2a = II “36 39 al 2 H;ess 
I 1 BI tıerd, 01 
1 1 wre 

Biala ba 3 3 12 2 Das 
212 3 119 2 
1231,33. |02 1-2 |1 1 
2|2 2 1-2 |1-2 1 
1-2| 2 2 1-2 |2 1 
0 2 a A ı 73 
we Tr 1'173 1 1 
2.1.2 2 2 |/ı p) 
2 |2 2 2112| 2 2 |.2 


0, 4g0) PbO | H,O |Hs0|CuO BiO, CaOAuO, PtO, |Sn0 Sn0, Sb0, 








al 
= 


pi zı Bil 


E 
Be 


As0, 





9. Biborate of soda 1. 
10. Bicarbonate of soda I. 
11. Basie sen of lime II. 
12. Phosphate of ammonia and magnesia II. 
13. Sulphate of alumina and potassa I. 
14. Sulphate of alumina and ammonia I. 
15. Sulphate of sesquioxide of chromium and potassa I. 


16. Sulphide of zinc readily in nitrie acid, rather difheultly in hydro- 


ehlorie acid. 


17. Peroxide of manganese readily in hydrochloric acid, not in nitric acid. 
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. Sulphide of nickel rather readily in nitrie acid, with great dificulty 


in hydrochlorie acid. 


. Sulphide of cobalt like sulphide of nickel. 

. Sulphate of protoxide of iron and ammonia I. 

. Chloride of arsenic and ammonium I. 

. Tartrate of sesquioxide ofiron and potassa I. 

. Sulphide of silver in nitrie acid only. 

. Minium is converted by ee acid into chloride of lead, by 


nitric acid into protoxide, which dissolves in excess of acid, and 
into brown peroxide, which is insoluble in nitric acid. 


25. Trisacetate of lead I. 
26. Mercurius solubilis Hahnemanni II. 


27. Basic sulphate of oxide of mercury II. 
. Double chloride and amide of mercury II. 
29. Sulphide of mercury, not in hydrochlorie acid, not in nitrie acid, 


but in warm aqua regia. 


. Sulphate of copper and ammonia I. 
. Sulphide of copper dificultly in hydrochloric acid, readily in nitrie 


acid. 


. Basic acetate of copper partially in water, completely in acids. 

. Basic chloride of bismuth II. 

. Basic nitrate of bismuth II. 

. Chloride of sodium and gold I. 

. Sulphide of gold, not in hydrochlorie acid nor in nitrie acid, but in 


warm aqua regia. 


. Potassio-bichloride of platinum 1-3. 

. Ammonio-bichloride of platinum I-III. 

. Sulphide of nn, not in hydrochloric acid, scarcely in boiling 
2) 


nitric acid, but in warm aqua regia. 


. Chloride of ammonium and tin I. 
. Protosulphide and bisulphide of tin in warm hydrochloric acid, 


converted by nitric acid into binoxide, which is insoluble in 
excess of the acid. Sublimed bisulphide of tin only in warm 
aqua regia. 


. Teroxide of antimony in hydrochlorie acid, not in nitrie acid. 
. Basic chloride of antimony II. 
. Sulphide of antimony in hydrochloric acid, particularly on heating; 


decomposed but only very partially dissolved by nitriec acid. 


. Sulphide of antimony and calcium I-II. 
. Tartrate of antimony and potassa 1. 


ENDEX 


CETATES, properties, 218 
— reactions, 218 
Acetie acid, detection, 220 
— properties, 218 
— purification, 40 
— reactions, 218 
— tests of purity, 39 
-— uses as reagent, 40 
Acids, grouping, 170 
Albumen on metaphosphorie acid, 180 
— on phosphorie acid, 180 
— on pyrophosphorie acid, 180 
Alcohol, preparation of absolute, 35 
— tests of purity, 35 
— uses as reagent, 36 
— on acetates, 219 
— onchromates, 172 
— on formates, 220 
— on osmie acid, 141 
Alkalies, properties, 81 
Alkaline earths, properties, 89 
Alloys, analysis, 235 
— preliminary examination, 231 


Alumina, decomposition of insoluble com- 


pounds, 99 
— properties, 99 
— reactions, 99 


— separativn from sesquioxide chromium, 


102 
Alumina carbonate, properties, 100 
Alumina phosphate, properties, 100 
Alumina salts, properties, 99 
Aluminium, properties, 99 


Ammonia, detection of minute quantities, 87 


— Nessuer’s test, 87 

— preparation of solution, 51 
— properties, 85 

— reactions, 85, 87 

— separation from other alkalies, 86 
tests of purity, 51 

uses as reagent, Öl 

un alumina salts, 100 

on antimony salts, 150 

on baryta salts, 90 

on berylla salts, 103 

on bismuth salts, 136 

on eadmium salts, 138 

on cerium salts, 106 

on ebromium salts, 101 
on cobait salts, 118 


EEFLII Blu 





Ammonia, on copper salts, 134 


on didymium salts, 107 

on gold salts, 143 

on hydrofluosilieie acid, 176 

on indium salts, 126 

on iron protoxide salts, 120 

on iron sesquioxide salts, 121 

on lanthanium salts, 107 

on lead salts, 130 

on lime salts, 93 

on magnesia salts, 95 

on manganese salts, 114 

on mercury chloride, 87 

on mercury chloride and soda carbonate, 
87 

on mereury and potassium iodide, 87 

on mercury oxide salts, 133 

on mercury subsalts, 129 

on nickel salts, 116 

on niobie acid, 110 

on osmie acid, 141 

on palladium salts, 140 

on rhodium salts, 140 

on silver salts, 128 

on strontia salts, 91 

on tantalie acid, 109 

on thallium protoxide salts, 125 

on thoria salts, 103 

on tin binoxide salts, 148 

on tin protoxide salts, 146 

on titanie acid, 108 

on uranium salts, 124 

on yttria salts, 105 

on zine salts, 112 

on zireonia salts, 104 


Ammonia bitartrate, properties, 85 
Ammonia carbonate, preparation of solution, 
58 


tests of purity, 58 

uses as reagent, 58 

on alumina salts, 100 
on antimony salts, 150 
on baryta salts, 90 
on berylla salts, 103 
on bismuth salts, 136 
on cadımium salts, 138 
on cerium salts, 106 
on chromium salts, 101 
on didymium salts, 107 
on indium salts, 126 
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Ra De carbonate, on lanthanium salts, 

10 

on lime salts, 93 

on magnesia salts, 96 

on strontia salts, 91 

on thallium protoxide salts, 125 

on thoria salts, 103 

on tin binoxide salts, 148 

on tin protoxide salts, 146 

on uranium salts, 124 

on yttria salts, 105 

on zine salts, 112 

on zireonia salts, 104 

Ammonia molybdate, preparation, 60 

— uses as reagent, 61 

— on arsenic acid, 179 

— on phosphorie aeid, 179 

— on pyrophosphorie acid, 180 

— on silieie acid, 179 

Ammonia oxalate, preparation, 56 

preparation of solution, 57 

tests of purity, 57 

uses as reagent, 57 

on baryta salts, 90 

on indium salts, 126 

on lime salts, 93 

on magnesia salts, 96 

on strontia salts, 92 

Ammoniaphosphomolybdate, properties, 179 

Ammonia salts, properties, 85 

Ammonia vanadate, properties, 127 

Ammonium chloride, preparation of solu- 
tion, 61 

purifieation, 61 

tests of purity, 61 

uses as reagent, 61 

on iridium salts, 166 

on platinum salts, 144 

on ruthenium salts, 141 

on silicates, 189 

on vanadates, 127 

Ammonium and platinum chloride, pro- 

perties, 85 

Ammonium sulphide, action of air, 54 

action of acid on yellow, 55 

nature of yellow, 55 

preparation, 54 

tests of purity, 55 

uses as reagent, 55 

on antimony salts, 150 

on arsenie acid, 162 

on arsenious acid, 155 

on berylla salts, 103 

on bismuth salts, 136 

on chromates, 172 

on cobalt salts, 117 

on eyanides, 198 

on gold salts, 143 

on indium salts, 126 

on iridium salts, 166 

on iron protoxide salts, 119 

on iron sesquioxide salts, 121 

on manganese salts, 113 

on mercury subsalts, 129 

on molybdie acid, 167 
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Ammonium sulphide, on nickel salts, 115 

— on niobie acid, 110 

— on palladium salts, 140 

— on platinum salts, 144 

— on ruthenium salts, 142 

— on silver salts, 128 

— on tantalie acid, 109 

— on thallium protoxide salts, 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on titanie acid, 108 

— on tungstates, 168 

— on uranium salts, 124 

— on vanadates, 126 

— on vanadie acid, 126 

— on yttria salts, 105 

— on zine salts, 112 

— on zirconia salts, 104 

Analysis, course, 225 

remarks on course, 327 

— arrangement of results, 375 

of simple compounds when soluble in 
water, 236 

of simple compounds when soluble in 
acids, 245 

of simple compounds when insoluble, 
249 


of complex compounds when soluble, 
251 


— of a compounds when insoluble, 
278 

Antimonates, properties, 149 

Antimonetted hydrogen, properties, 151 

— separation from arsenetted hydrogen, 
164 

— on silver nitrate, 164 

Antimonie acid, properties, 149 

— separation from antimony teroxide, 165 

Antimony, properties, 148 

— reactions, 149 

— separation from tin and arsenic, 163 

Antimony oxides, properties, 149 

Antimony salts, properties, 149 

Antimony teroxide, separation from anti- 
monie acid, 165 

Antimony tersulphide, properties, 150 

Apparatus, list, 31 

Aqua regia, nature, 42 

— preparation, 42 

— uses as reagent, 43 

Arsenates, properties, 161 

Arsenetted hydrogen, properties, 156 

— separation from antimonetted hydrogen, 
164 

— on silver nitrate, 164 

Arsenic, detection in poisoning cases, 308 

— garlie odor, 161 

— Manrsn#’s test, 156 

— properties, 152 

— Reınsch’s test, 155 

— separation from tin and antimony, 163 

Arsenic acid, properties, 161 

— reactions, 161 

— separation from arsenious acid, 165 
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Arsenio pentasulphide, formation, 162 


— separation from arsenie tersulphide, 165 | 


Arsenie tersulphide, properties, 153 

— separation from arsenie pentasulphide, 
165 

Arsenious acid, properties, 153 

— best way to ideutify when pure, 158 

— reactions, 153 B 

— separation from arsenie acid, 165 

Arsenites, properties, 153 

Ash, analysis, 323 

Atropine, detection, 361, 364, 366, 369 

— properties, 360 

— reactions, 361 . 

— salts, properties, 360 


BARIUM chloride, preparation from heavy- 
spar, 64 

preparation from witherite, 64 

preparation of solution, 64 

tests of purity, 64 

uses as reagent, 64 

on benzvates, 217 

on borates, 181 

on carbonates, 189 

on hydrofluorie acid, 183 

on hydrofluosilieie acid, 176 

on hypophosphites, 205 

on hyposnlphites, 174 

on iodates, 174 

on oxalates, 182 

on perchlorates, 209 

on phosphorie acid, 177 

on phosphorous acid, 187 

on pyrophosphorie acid, 180 

on selenious acid, 169 

on suceinates, 216 

on sulphates, 175 

on sulphites, 173 

on tungstates, 168 

on vanadates, 126 

Barium fluoride, properties, 183 

Barium silicofluoride, properties, 90 

Baryta, preparation of erystals, 51 

— preparation of dry hydrate, 75 

— preparation of solution, 52 

properties, 89 

reactions, 90 

separation from other alkaline earths, 
97 

and strontia, detection of minute quan- 
tities in presence of lime, 98 

tests of purity, 52 

uses as reagent, 52 

uses as flux, 75 

on carbonie acid, 188 

on magnesia salts, 95 

Baryta acetate on eitrates, 212 

Baryta borate, properties, 181 

Baryta carbonate, preparation, 65 

— properties, 90 

— tests of purity, 65 

— uses as reagent, 65 

— on alumina salts, 100 
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Baryta carbonate, on berylla salts, 103 

— on cerium salts, 106 

— on chromium salts, 101 

on cobalt salts, 118 

on didymium salts, 107 

on indium salts, 126 

on iron protoxide salts, 120 

on iron sesquioxide salts, 122 

on lanthanium salts, 107 

on manganese salts, 114 

on nickel salts, 116 

on thoria salts, 103 

on titanic acid, 108 

on uranium salts, 124 

on yttria salts, 105 

on zine salts, 112 

— on zirconia salts, 104 

Baryta chromate, properties, 91 

Baryta eitrate, properties, 212 

Baryta iodate, properties, 174 

Baryta nitrate, preparation, 65 

— prepara'ion of solution, 65 

— tests of purity, 65 

— uses as reagent, 65 

Baryta oxalate, properties, 90, 182 

Baryta phosphate, properties, 90 

Baryta pyrophosphate, properties, 180 

Baryta salts, properties, 90 

Baryta selenite, properties, 169 

Baryta sulphate, properties, 90 

Bases, groups, 81 

— of group 1, properties, 81 

of group 2, properties, 89 

of group 3, properties, 98 

— of group 4, properties, 111 

of group 5, properties, 127 

of group 6, properties, 142 

oxygen, classification, 48, 81 

oxygen, definition, 48 

Oxygen, properties, 48 

sulphur, definition, 48 

sulphur, properties, 48 

Benzoates, properties, 217 

— reactions, 217 

Benzoic acid, detection, 217 

— properties, 217 

— reactions, 217 

Berylla, detection in analytical course, 339, 
340 


— oeeurrence, 103 

—- properties, 103 

-— reactions, 103 

Berylla carbonate, properties, 103 

Berylla salts, properties, 103 

Berzelius laınp, 19 

Bismuth, properties, 136 

— purification from arsenie, 53 

— reactions, 136 

— separation from other members of Gr. 5, 
Div. 2, 138 

Bismuth, basie chloride, properties, 137 

Bisinuth, basie nitrate, 53 

Bismuth carbonate, properties, 136 

Bismuth chromate, properties, 136 

Bismuth hydrate, preparation, 53 


I. cc 


386 


Bismuth hydrate, tests of purity, 54 

— uses as reagent, 54 

Bismuth oxides, properties, 136 

Bismuth and potassium iodide, as reagent 
for alkaloids, 344 

— preparation, footnote, 344 

Bismuth salts, properties, 136 

Bismuth tersulphide, properties, 136 

Blowpipe, 15 

— flame, 16 

Boiling, action on titanie acid solution, 
108 

Boraeie acid, detection, 186 

— loss on evaporation, 186 

— properties, 180 

— reactions, 181 

Borates, properties, 180 

Borax, tests of purity, 77 

— uses as flux, 78 

Borax bead, testing with, 78 

with cerium salts, 106 

with chromium salts, 102 

with cobalt salts, 119 

with eopper salts, 135 

with didymiun oxide, 107 

with erbium oxide, 106 

'with iron salts, 120 

with manganese salts, 115 

with nickel salts, 116 

with uranium salts, 124 

with vanadie acid, 127 

with yttria, 105 

and copper oxide with tin salts, 147 

Boron fluoride, formation, 182 

Broınides, reactions, 193 

— insoluble, decomposition, 194 

Bromine, detection, 202 

— properties, 193 

— reactions, 193 

Brucine, detection, 361, 364, 366, 369 

— properties, 358 

— reactions, 358 

— on chlorates, 208 

— on nitrates, 207 

Brucine salts, properties, 858 

Bunsen flame, parts, 23 

Bunsen lamp, 20 

— improved, 22 

Butyrie acid, detection, 221 

— properties, 221 

— reactions, 221 


(JADMIUM, properties, 137 

— reactions, 137 

— separation from other members of Gr. 5, 
Div. 2, 138 

Cadmium carbonate, properties, 138 

Cadınium oxide, properties, 137 

Cadmium and potassium iodide, as reagent 
for alkaloids, 344 

— preparation, footnote, 344 

Cadmium salts, properties, 137 

Cadmium sulphide, properties, 138 

Cxsia, detection in analytical course, 340 
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Cxsia, rubidia, and lithia, detection in pre- 
sence of much potassa and soda, 89 

— and rubidia, difference from potassa, 87 

— distribution, 87 

— reactions, 87 

Cxsia alum, solubility, 88 

Csia bitartrate, solubility, 88 

Ciesia carbonate, solubility in alcohol, 88 

Cxsium and platinum chloride, solubility, 
87 


Caleium, reactions, 93 

Caleium chloride, preparation, 66 

— preparation of solution, 66 

tests of purity, 66 

uses as reagent, 66 

on carbonates, 189 

on eitrates, 211 

on hydrofluorie acid, 184 

on hypophosphites, 205 

on malates, 213 

on phosphorous acid, 187 

on racemates, 215 

on suceinates, 216 

on tartrates, 210 

— on tungstates, 168 

Calcium fluoride, properties, 184 

— uses as reagent, 75 e 

— and potassa bisulphate with borates, 181 

Calcium salts, properties, 93 

Carbolic acid and sulphuric acid on nitrates, 
207 

Carbon, properties, 187 

Carbonates, properties, 188 

— reactions, 188 

Carbonie acid, detection, 191 

— properties, 188 

— reactions, 188 

— on soda niobate, 110 

— on tantalates, 110 

Carbon bisulphide, tests of purity, 36 

— uses as reagent, 36 

— as solvent for bromine, 193 

— as solvent for iodine, 196, 203 

Cassius, purple, 143 

Cerite, deeemposition, 106 

Cerium, detection in analytical course, 339, 
340 

— occurrence, 106 

— reactions, 106 

— separation from lanthanium and didy- 
mium, 107 

Cerium oxides, properties, 106 

Cerium protoxide and potassa sulphate, 
properties, 106 

Cerium salts, properties, 106 

Charcoal, 18 

Chlorates, properties, 207 

— reactions, 207 

Chlorie acid, deteetion, 208 

— properties, 207 

— reactions, 207 

Chlorides, insoluble, decomposition, 192 

— properties, 192 

— reactions, 192 

Chlorine, detection, 202, 203 
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Chlorine, detection of free, 191 
— preparation, 42 
— preparation of solution, 42 
— preservation of solution, 42 
— properties, 191 
purification, 42 
reactions, 192 
uses as reagent, 42 
— on bromides, 193 
on cerium salts, 106 
on iodides, 196 
on iridium and sodium chloride, 166 
— on niobie acid and charcoal, 110 
— on osmium, 141 
— on sulphites, 173 
on tantalic acid and charcoal, 109 
— on titanie acid and eharcoal, 109 
Chlorites, properties, 205 
— reactions, 205 
Chlorochromie acid, properties, 192 
Chloroform, tests of purity, 36 
— uses as reagent, 36 
Chlorous acid, properties, 205 
— reactions, 205 
Chromates, insoluble, decomposition, 172 
— properties, 171 
— reactions, 171 
Chrome iron stone, decomposition, 281 
Chromie acid, detection, 173 
— detection of minute quantities, 173 
— properties, 171 
— reactions, 171 
— on hyposulphites, 174 
“ — on sulphites, 173 
Chromium, detection of minute quantities, 
173 

— reactions, 101 
— separation from aluminium, 102 
Chromium carbonate, properties, 101 
Chromium chromate, formation, 172 
Chromium salts, properties, 101 
Chromium sesquioxide, properties, 101 
— reactions, 101 
— separation from alumina, 102 
Cinchonine, detection, 355, 364, 366 
— properties, 354 
— reactions, 354 
Cinchonine salts, properties, 354 
Citrates, properties, 211 
— reactions, 211 
Citrie acid, detection, 214 
— properties, 211 
— reactions, 211 

Cobalt, properties, 117 
“ — reactions, 117 
— separation from other members of Gr. 4, 

122 

Cobalt ferrieyanide, properties, 118 
Cobalt ferroceyanide, properties, 118 
Cobaltieyanide potassium, formation, 118 
Cobalt nitrate, preparation, 79 
— tests of purity, 79 
— uses as reagent, 79 
— with alumina salts, 100 
— with berylia salts, 103 
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Cobalt nitrate, with zine salts, 113 
Cobalt oxide, properties, 117 
Cobalt and potassium cyanide, properties, 
118 
Cobalt salts, properties, 117 
Cobalt sesquioxide, properties, 117 
Cobalt sesquioxide and potassa nitrite, 
11875 
Cobalt sulphide, properties, 117 
Colloids, definition, 10 
Condenser, LıeBı@’s, 12 
Conine, detection, 348 
— properties, 347 
— reactions, 348 
Conine salts, properties, 347 
Copper, properties, 133 
— reactions, 134 
separation from other members of Gr. 
5, Div. 2, 138 
uses as reagent, 53 
on arsenic acid, 162 
on arsenious acid, 155 
on mercury salts, 129 
on molybdie acid, 167 
on nitrie acid, 206 
— on selenious acid, 169 
on sulphurous acid, 173 
A arsenide, properties, 155 
Copper carbonate, basic, properties, 134 
Copper ferrocyanide, properties, 135 
Copper oxide, properties, 133 
Copper salts, properties, 134 
Copper subiodide, properties, 195 
Copper subsulphocyanide, properties, 135 
Copper sulphate, preparation, 69 
— preparation of solution, 69 
— tests of purity, 69 
— uses as reagent, 70 
— on arsenie acid, 162 
— on arsenious acid, 155 
on arsenious acid and potassa, 155 
on ferrieyanides, 200 
— on ferrocyanides, 199 
on iodides and sulphurous acid, 195 
Obpper sulphide, properties, 134 
Crueibles, platinum, rules for using, 14 
Crystallization, 5 
Crystalloids, definition, 9 
Cyanides, insoluble, analysis, 282 
— properties, 197 
— reactions, 197 
Cyanogen, detection, 202 
— detection in mercury cyanide, 199 
— properties, 197 
— reactions, 197 


DAHLIA paper, preparation, 72 
— uses as reagent, 72 

Decantation, 8 

— washing by, 9 

Deflagration, 15 

— of chlorates, 207 

— of nitrates, 206 

Dialyser, 10 
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Dialysis, 9 Flame coloration of soda salts, 84 
Didymium, detection in anal. eourse, 339 — of soda salts with alcohol, 84 
— oceurrence, 107 — of strontia salts, 92 

— oxide, properties, 107 — of strontia salts with alcohol, 92 
— oxide, reactiuns, 107 — of thallium salts, 125 

-— salts, properties, 107 Flame reactions, BUnsEnx’s, 24 
Digitaline, detection, 364, 366, 369 — of antimony, 152 

— properties, 362 — of bismuth, 137 

— reactions, 362 — of cadmium, 138 

Disuillation, 12 — of cobalt, 119 


— of gold, 144 
— of iron, 120 


FARTHS, alkaline, properties, 89 — of lead, 131 
nn detection in analytical course, | — of manganese, 117 
339 — of selenium, 169 
— oceurrence, 105 — of silver, 128 
— reactions, 105 — of tellurium, 168 
— separation from yttrium, 106 — ofzine, 113 
— basie nitrate, properties, 105 Binoriden, properties, 183 
— oxalate, properties, 105 Fluorine, detection in silicates, 185 
— oxide, properties, 105 — reactions, 183 
— salts, properties, 105 — in sulphurie acid, footnote, 184 
— sulphate, properties, 105 Formates, properties, 219 
Eching test for fluorine, 184 — reactions, 219 
Ether, tests of purity, 36 Formie acid, deteetion, 220 
— uses as reagent, 36 — reactions, 219 
— acetie, formation, 219 Fulminating gold, 143 
Evaporation, 11 Funnels, 8 
Excess, meaning, 33 Fusion, 14 


Exereises, plan, 373 


(ZALLS on molybdie acid, 167 


FERRICYANIDES, insoluble, deco mposi- — on tantalie acid, 110 


tion, 200 — ontitanie acid, 108 
— properties, 200 — on tungstates of alkalies, 168 
Ferricyanogen, reactions, 200 — on vanadates, 127 
Ferrocyanides, insoluble, decomposition, 199 | — on vanadie acid, 126 
— properties, 199 Gauze plate, 21 
Ferrocyanogen, reactions, 199 Georgina paper, preparation, 72 
Filtering paper, 7 — uses as reagent, 72 
— purification, 8 Gold, properties, 143 
Filter stand, 8 — reactions, 143 
Filters, washing, 8 — separation from platinum, 145 
Filtration, 7 Gold chloride, preparation, 71 
Flame, parts, 16 — uses as reagent, 71 
— oxidizing, 17 — on bromides, 194 
— redueing, 17 — on tin protoxide salts, 143, 146 
Flame coloration, examination, 26 Gold, fulminating, 143 
— of baryta salts, 91 — oxides, properties, 143 
— of baryta salts with aleohol, 91 — protosulphide, properties, 143 
— of boracie a:id with alcohol, 181 — salts, properties, 143 
— of boracic acid with potassa bisulphate | — sulphide, properties, 143 

and caleium fluoride, 181 Guaiacum on chromic acid, 173 
— of esium salts, 87 — and copper sulphate on hydrocyanic acid, 
— of chlorides with alcohol, 181 199 


— of copper salts, 135 
— of copper salts with alcohol, 181 


— ofindium salts, 126 H ?RIODIC acid, detection, 202 
— of lime salts, 94 — properties, 195 

— of lime salös with alcohol, 94 — reactions, 195 

— of lithia salts, 88 Hydrobromie acid, detection, 202 

— of osmium salts, 141 — properties, 193 

— of potassa salts, 83 — reactions, 193 

— of potassa salts with alcohol, 83 Hydrochlorie acid, deteetion, 202, 208 
— of rubidium salts, 87 — preparation, 40 


° 


INDEX. 389 


Hydrochlorie acid, properties, 192 Hydrosulphurie acid, properties, 200 
— purification, 41 — reactions, 201 

— reactions, 192 — tests of purity, 47 

— tests of purity, 41 — uses as reagent, 48 

— uses as reagent, 41 — on antimonic acid, 150 


on antimony salts, 150 
on arsenic acid, 161 


— on borates, 181 
— on carbonates, 188 


— on chlorates, 208 — on arsenious acid, 153 
— on chromates, 172 — on bismuth salts, 136 
— on eyanides, 197 — on cadmium salts, 138 
— on hyposulphites, 174 — on ehromie acid, 171 
— on lead salts, 131 — on cobalt salts, 117 
— on mercury subsalts, 129 — on copper salts, 134 
— on perchlorates, 209 — on gold salts, 143 
— on silieates, 189 — onindium salts, 126 
— on silver salts, 128 — oniodates, 174 
— on sulphides, 200 — on iridium salts, 166 
— on sulphites, 173 — oniron protoxide salts, 119 
— on tantalates, 109 — oniron sesquioxide salts, 121 
— on thallium protoxide salts, 125 — on lead salts, 130 
— on thallium trioxide salts, 125 — on manganese salts, 113 
— on tungstates, 167 — on mercury oxide salts, 132 
— and ether on ferrocyanides, 199 — on mercury subsalts, 129 
Hydrocyanic acid, detection, 202 — on molybdie acid, 167 
— detection in poisoning cases, 316 — on molybdates, 167 
— properties, 197 — on nickel salts, 115 
— reactions, 197 — on nitrites, 204 
Hydroferrieyanic acid, properties, 200 — on osmie acid, 141 
— reactions, 200 — on palladium salts, 140 
Hydroferrocyanic acid, properties, 199 — on platinum salts, 144 
— reactions, 199 — on rhodium salts, 140 
Hydrofluorie acid, detection, 187 — oi ruthenium salts, 142 
— properties, 183 — on selenious acid, 169 
— reactions, 183 — onsilver salts, 128 
— on niobie acid, 110 — on sulphites, 173 
— on silieates, 190 — on tellurous acid, 168 
— on tantalie acid, 109 — on thallium protoxide salts, 125 
— on thoria salts, 103 — on thallium trioxide salts, 125 
— on yttria salts, 105 — on tin binoxide salts, 148 
— on zirconia salts, 104 — on tin protoxide salts, 146 
Hydrofluosilicic acid, preparation, 43 — on tungstates, 168 
— properties, 176 — on uranium salts, 124 
— reactions, 176 — on vanadic acid, 126 
— tests.of purity, 43 — on zine salts, 112 
— uses as reagent, 43 Hypochlorites, properties, 205 
— on borates, 182 — reactions, 205 
— on baryta salts, 90 Hypochlorous acid, properties, 205 
— on lime salts, 93 — reactions, 205 
— on magnesia salts, 96 Hyponitrie acid, reaction, 205 
— on strontia salts, 92 — on bromides, 193 
Hydrogen on niobie acid, 110 — on iodides, 195 
— on osmium salts, 141 Hypophosphites, properties, 205 
— on rhodium salts, 140 — reactions, 205 
— on tantalie acid, 109 Hypophosphorous acid, properties, 205 
Hydrogen binoxide, preparation, footnote,172 | — reactions, 205 
— on chromates, 172 Hyposulphites and sulphites, detection in 
— on vanadates, 127 presence of sulphides, 174 
Hydrosulphurie acid, BRUGNATELLI’s appa- | — properties, 174 

ratus, 45 — reactions, 174 


— Monr’s apparatus, 47 
— Pon’s apparatus, 47 


— detection, 202 GNITION, 13 
— preparation, 44 Incerustations, obtained with Bunsen 
— preparation of solution, 47 lamp, 24 


— preservation of solution, 47 Indigo, preparation of solution, 73 
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Indigo, uses as reagent, 73 

— on chlorates, 208 

— on chlorates and sulphurous acid, 207 

on chlorites, 205 

on hypochlorites, 205 

on nitrates, 207 

on osmic acid, 141 

— on perchlorie acid, 209 

Indigo prism, 27 

Indium, oceurrence, 125 

— properties, 125 

— reactions, 126 

Indium carbonate, properties, 126 

Indium oxide, properties, 125 

Indium salts, properties, 126 

Indium sulphide, properties, 126 

Iodates, properties, 174 

— reactions, 174 

Iodie acid, properties, 174 

— reactions, 174 

Iodides, insoluble, decomposition, 197 

— properties, 195 

Iodine, detection, 202 

— as reagent for alkaloids, 344 

— properties, 195 

— reactions, 195 

— on lanthanium salt, 107 

Iridium, detection in analytical course, 338, 
340 

— oeeurrence, 166 

— properties, 166 

— reactions, 166 

Iridium and ammonium chloride, properties, 
166 

Iridium and potassium chloride, properties, 
166 


Iron, properties, 119 

— reactions, 119 

— uses as reagent, 53 

— separation from other members of Group 
4, 122 

— on copper salts, 135 

— on sulphides and hydrochlorie acid, 201 

Iron acetate, properties, 218 

Iron benzoate, properties, 217 

Iron ferrieyanide, properties, 120 

Iron ferroeyanide, properties, 121 

Iron and potassium ferrocyanide, properties, 


Iron protosesquioxide, properties, 121 

Iron protoxide, detection in presence of ses- 
quioxide, 124 

— properties, 119 

— reactions, 119 

Iron protoxide salts, properties, 119 

Iron sesquichloride, preparation, 67 

— tests of purity, 67 

uses as reagent, 68 

on acetates, 218 

on benzoates, 217 

on ferrieyanides, 200 

on ferrocyanides, 199 

on formates, 219 

on hyposulphites, 174 

on iodides, 197, 203 
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Iron sesquichloride on phosphates, 178 

— on suceinates, 216 

Iron sesquioxide, deteetion in presence of 
protoxide, 124 

— properties, 120 

— reactions, 121 

Iron sesquioxide salts, properties, 121 

Iron suceinate, properties, 216 

Iron sulphate, preparation, 67 

— tests of purity, 67 

uses as reagent, 67 

on chlorites, 205 

on eyanides, 198 

on ferrieyanides, 200 

on gold salts, 143 

on iridium salts, 166 

on nitrates, 206 

on nitrites, 204 

on osmic acid, 141 

on palladium salts, 140 

on platinum salts, 145 

— on selenious acid, 206 

Iron sulphide, preparation, 44 

— properties, 120 

Iron sulphocyanide, properties, 121 


ACTATES, properties, 221 
Lactie acid, properties, 221 

— reactions, 221 

Lamp, Berzelius, 19 

— Bunsen, 20 

— improved Bunsen, 22 

— three Bunsen, 22 

— spirit, 19 

Lanthanium, 
339 

occurrence, 106 

reactions, 107 

oxide, properties, 107 

salts, properties, 107 

Lead, properties, 130 

— reactions, 130 

— separation from Gr. 5, Div. 2, 138 

— separation from silver and mercury sub- 

oxide, 131 

Lead acetate, preparation of solution, 68 

tests of purity, 68 

uses as reagent, 68 

on benzoates, 217 

on chlorides, 192 

on chromates, 172 

on eitrates, 212 

on hydrofluosilieie acid, 176 

on hypophosphites, 205 

— on malates, 213 

on phosphites, 187 

on tartrates, 211 

on suceinates, 216 

on sulphates, 175 

on sulphides, 201 

on tungstates of alkalies, 168 

— on vanadates, 126 

Lead binoxide on cerium salts, 106 

— on chromium salts, 101 


detection in anal. course, 


INDEX. 


Lead binoxide on manganese salts, 114 

Lead carbonate, properties, 131 

Lead chloride, properties, 131 

Lead chromate, properties, 172 

Lead eitrate, properties, 212 

Lead malate, properties, 213 

Lead nitrate on chloride lime, 205 

Lead oxide on acetie acid, 219 

— onformie acid, 220 

Lead oxides, properties, 130 

Lead salts, properties, 130 

Tıead succinate, properties, 216 

Lead sulphate, properties, 131 

Lead sulphide, properties, 130 

Lead tartrate, properties, 210 

Lresıe’s condenser, 12 i 

Lime, preparation of hydrate, 52 

— properties, 93 

reactions, 93 

— separation from other alkaline earths, 
97 

— uses as reagent, 53 

— on ammonia salts, 85 

— on magnesia salts, 95 

Lime water, preparation, 52 

— preparation of pure, 52 

— uses as reagent, 52 

— on carbonic acid, 188 

— on eitrates, 212 

— on malates, 213 

on racemates, 215 

— on tartrates, 210 

Lime carbonate, properties, 93 

Lime eitrate, properties, 211 

Lime chloride, properties, 215 

Lime lactate, preparation, 221 

— properties, 222 

Lime malate, properties, 213 

Lime oxalate, properties, 93 

Lime phosphate, properties, 178 

Lime racemate, properties, 215 

Lime salts, properties, 93 

Lime suceinate, properties, 216 

Lime sulphate, preparation of solution, 65 

properties, 93 

— uses as reagent, 65 

— on baryta salts, 90 

on oxalates, 182 

on phosphates, 178 

— on racemates, 215 

— on strontia salts, 92 

— on tartrates, 210 

Lime tartrate, properties, 210 

Lithia, detection in analytical course, 340 

— rubidia and cxsia, detection in presen 
of much potassa and soda, 89 

— distribution, 88 

— properties, 88 

— reactions, 88 

Lithia phosphate, properties, 83 

Lithia salts, properties, 88 

Litmus paper, blue, preparation, 71 

— blue, uses as reagent, 72 

— rationale of action, 72 

— red, preparation, 72 


— 








391 


Litmus paper, red, uses as reagent, 72 
Logwood decoetion on chromates, 173 


AGNESIA, properties, 94 
— reactions, 95 
— separation from other alkaline earths, 97 
— on malie acid, 213 
Magnesia and ammonia arsenate, proper- 
ties, 162 
Magnesia and ammonia phosphate, proper- 
ties, 96 
Magnesia carbonate, properties, 95 
Magnesia malate, properties, 213 
Magnesia oxalate, properties, 96 
Magnesia phosphate, properties, 96 
Magnesia pyrophosphate, properties, 180 
Magnesia salts, properties, 95 
Magnesia sulphate, preparation of solution, 
66 


— purification, 66 

— tests of purity, 66 

— uses as reagent, 66 

— on phosphates, 178 

— on pyrophosphates, 180 

Magnesia sulphate, ammonium chloride and 
ammonia, on arsenates, 162 

— on metaphosphates, 180 

— on phosphates, 178 

— on phosphites, 187 

Magnesium, properties, 94 

— on phosphates, 180 

Malates, properties, 213 

— reactions, 213 

Malie acid, deteetion, 214 

— properties, 212 

— reactions, 213 

Manganese, properties, 113 

— reactions, 113 

— separation from other members of Gr. 4., 
122 

Manganese binoxide on bromides, 194 

— on chlorides, 192 

— oniodides, 196 

— on oxalates, 183 

Manganese terrieyanide, properties, 114 

Manganese ferroeyanide, properties, 114 

Manganese oxides, properties, 113 

Manganese salts, properties, 113 

— on chloride lime, 205 

Manganese sulphide, properties, 113 

Marsu’s test for arsenic, 156 

Mercury, properties, 128 

— reactions, 129 

Mercury chloride, preparation of solution, 
69 

— uses as reagent, 69 

— on acetates, 219 

— on formates, 220 

— on hypophosphites, 205 

— on phosphites, 187 

— on sulphites, 173 

— on tin protoxide salts, 133, 146 

Mercury eyanide on palladium salte, 140 

Mercury oxide, properties, 132 
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Mercury oxide, reactions, 132 

— separation from other members of Group 
6, Div. 2, 138 

Mercury oxide salts, properties, 122 

Mercury and potassium iodide as reagent for 
alkaloids, 344 

Mercury subacetate, properties, 219: 

Mercury subehloride, properties, 129 

Mercury subformate, properties, 220 

Mercury subnitrate, preparation, 69 

—— tests of purity, 69 

uses as reagent, 69 

on acetates, 219 

on chlorides, 192 

on formates, 220 

on phosphites, 187 

on tungstates, 168 

— on vanadates, 126 

Mercury suboxide, properties, 128 

— reactions, 129 

— separation from silver and kead, 131 

Mercury subsalts, properties, 129 

Mercury sulphide, properties, 132 

Metallie oxides, groups, 81 

Metaphosphates, properties, 180 

— reactions, 180 

Metaphosphoric acid, reactions, 180 

Metastannie acid, properties, 147 

Metastannie chloride, properties, 147 

Metatungstic acid as reagent for alkaloids 
345 


ie 
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Microcosmie bead, testing with, 79 

— with cerium salts, 106 

with chromium salts, 102 

with eobalt salts, 119 

with didymium oxide, 107 

with erbium oxide, 106 

with iron salts, 120 

with mangan« se salts, 115 

with nickel salts, 116 

with niobic acid, 110 

with silicates, 190 

with tantalic acid, 110 

with titanie acid, 109 

with tungstie acid, 168 

with uranium salts, 124 

with yttria, 105 

and copper oxide with bromides, 194 

and copper oxide with chlorides, 192 

and copper oxide with iodides, 197 

Microcosmie salt, as blowpipe test for fuo- 
rine, 185 

— effects of heat on, 79 

—- preparation, 78 

— tests of purity, 78 

— uses as flux, 79 

Mineral water analysis, 292 

Molybdenum, detection in analytical course, 
338, 340 

— occurrence, 166 

— properties, 166 

— reactions, 167 

Molybdenum oxides, properties, 166 

Molybdenum sulphide, properties, 167 

Molybdie acid, properties, 167 
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Morphine, detection, 364, 366, 369 
— properties, 349 

— reactions, 349 

Morphine salts, properties, 349 


NARCOTINE, detection, 355, 364, 366, 
869 


— properties, 351 

— reactions, 851 

Narcotine salts, properties, 351 

NxssLe£r’s solution, preparation, footnote, 87 

Nickel, properties, 115 

— reactions, 115 

— separation from other members of Gr. 4, 
122 « 

Nickel ferrieyanide, properties, 116 

Nickel ferroeyanide, properties, 116 

Nickel oxide, properties, 115 

Nickel and potassium cyanide, properties, 
116 

Nickel salts, properties, 115 

Nickel sesquioxide, properties, 115 

Nickel sulphide, properties, 115 

Nicotine, detection, 348 

— properties, 346 

— reactions, 346 

Nicotine salts, properties, 346 

Niobie acid, detection in analytical COUTSE, 
356, 339, 340 

-—— occurrence, 110 

— properties, 110 

— reactions, 110 

Niobium oxyfluoride and potassiumn fluoride, 
properties, 110 

Nitrates, properties, 206 

— reactions, 206 

Nitrie acid, deteetion, 208 

— detection of free, 208 

properties, 206 

purification, 39 

reactions, 206 

tests of purity, 39 

uses as reagent, 39 

on bromides, 193 

on iodides, 195 

on perchlorates, 209 

on tballium protoxide salts, 125 

Nitrites, properties, 204 

— reactions, 204 

Nitrohydrochloric acid, nature, 42 

— preparation, 42 

— uses as reagent, 43 

Nitrous acid, properties, 204 

— reactions, 204 

— on iodides, 195 


SMIC acid, properties, 141 
Osmium, detection in analytical course, 
338, 340 
— oceurrence, 141 
— properties, 141 
— reactions, 141 
Osmium oxides, properties, 141 
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Osmium salts, properties, 141 
Oxalates, properties, 182 

— reactions, 182 

Oxalie acid, detection, 186, 214 
properties, 182 
purification, 56 

reactions, 182 

on alumina salts, 100 

on berylla salts, 103 

on cerium salts, 106 

on didymium salts, 107 
on iridium salts, 166 

on lanthanium salts, 107 
on thoria salts, 104 

on yttria salts, 105 

on zirconia salts, 104 
Oxidizing flame, 17 
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PALLADIUM, detection in analytical 
course, 338 

— oceeurrence, 139 

— properties, 139 

— reactions, 140 

Palladium and ammonium chloride, pro- 
perties, 140 

Palladium-ammonium chloride, properties, 
140 

Palladium chloride on bromides, 193 

— oniodides, 195 

Palladium eyanide, properties, 140 

Palladium iodide, properties, 195 

Palladium nitrate on bromides, 193 

— on iodides, 195 

Palladium oxides, properties, 140 

Palladium and potassium chloride, proper- 
ties, 140 

Palladium salts, properties, 140 

Palladium and sodium chloride, preparation, 
71 

— uses as reagent, 7] 

Palladium sulphide, properties, 140 

Perchlorates, properties, 209 

— reactions, 209 

Perchlorie acid, properties, 209 

— reactions, 209 

Phosphates, insoluble, decomposition, 179 

— properties, 177 

— reactions, 177 

Phosphoantimoniec acid, as reagent for alka- 
loids, 345 

— preparation, footnote, 345 

Phosphomolybdie acid, as reagent for alka- 
loids, 345 

— preparation, footnote, 345 

Phosphoric acid, detection, 186 

— properties, 177 

— reactions, 177 

— separation from alkaline earths, 178 

Phosphorous acid, properties, 187 

— reactions, 187 

Phosphorus, detection in poisoning cases, 
318 


— properties, 176 
Pieric acid, as reagent for alkaloids, 345 
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Pierie acid on eyanides, 198 

Pierotoxine, detection, 364, 366, 369 

— properties, 363 

— reactions, 363 

Platinum, crueibles, size, 31 

— crucibles, rules for using, 14 

properties, 144 

reactions, 144 

separation from gold, 145 

— triangle, 20 

— wire, 18 

Platinum and ammonium chloride, pro- 
perties, 85, 144 

Platinum chloride, as reagent for alkaloids, 

344 

preparation, 70 

tests of purity, 70 

uses as reagent, 70 

on ammonia salts, 85 

on caesia salts, 87 

on lithia salts, 88 

on potassa salts, 82 

on potassium iodide, 86 

on rubidia salts, 87 

on soda salts, 85 

on thallium protoxide salts, 125 

Platinum oxides, properties, 144 

Platinum and potassium chloride, properties, 
82, 144 

— solubility, 87 

Platinum salts, properties, 144 

Platinum sulphide, properties, 144 

Poisons, detection of inorganie, 306 

— detection of organic, 364 

Potable water analysis, 289 

Potassa, preparation by baryta, 50 

— properties, 82 

purification by aleohol, 49 

reactions, 82 

separation from other alkalies, 86 

tests of purity, 50 

uses as reagent, 50 

on alumina salts, 99 

on ammonia salts, 85 

on antimony salts, 150 

on baryta salts, 90 

on berylla salts, 103 

on bismuth salts, 136 

on bromine, 194 

on cadmium salts, 138 

on cerium salts, 106 

on chromium salts, 101 

on cobalt salts, 117 RR 

on copper salts, 134 

on didymium salts, 107 

on indium salts, 126 

on iridium salts, 166 

on iron protoxide salts, 120 

on iron sesquioxide salts, 121 

on lanthanium salts, 107 

on lead salts, 130 

on lime salts, 93 

on magnesia salts, 95 

on manganese salts, 114 

on mercury oxide salts, 133 


— 
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Potassa on mercury subsalts, 129 

— on nickel salts, 115 

— on osmic acid, 141 

— on palladium salts, 140 

— onrhodium salts, 140 

— on ruthenium salts, 142 

— on silver salts, 128 

— on strontia salts, 91 

— on tellurous acid, 168 

— on thallium protoxide salts, 125 

— on thallium trioxide salts, 125 

— on thoria salts, 103 

— on tin binoxide salts, 148 

— on tin protoxide salts, 146 

— on titanie acid, 108 

— on uranium salts, 124 

— on yttria salts, 105 

— on zine salts, 112 

— onzirconia salts, 104 

— fusion with niobie acid, 110 

— fusien with tantalie acid, 109 

— fusion with titanie acid, 109 

Potassa acid sulphate, see Potassa bisul- 
phate 

Potassa alum, solubility, 88 

Potassa antimonate, preparation, 60 

— preparation of solution, 60 

— tests of purity, 60 

— uses as,reagent, 60 

— on soda salts, 84 

Potassa bicarbonate on niobate of potassa, 


— on uranium salts, 124 

Potassa bichromate, preparation of solution, 
60 

— purification, 60 

— uses as reagent, 60 

— on baryta salts, 91 

— on bismuth salts, 136 

— onlime salts, 94 * 

— on strontia salts, 92 

Potassa bisulphate, preparation, 76 

— tests of purity, 76 

— uses as flux, 76 

— with niobie acid, 110 

— with tantalie acid, 109 

— with titanie acid, 108 

— with tungstie acid, 167 

— and caleium fluoride on borates, 181 

Potassa bitartrate, properties, 82 

— solubility, 88 

Potassa carbonate, See Soda carbonate, 

Potassa chlorate and soda earbonate as blow- 
pipe test for chromium, 102 

Potassa chromate on baryta salts, 91 

— on bromides, 194 

— on chlorides, 192 

— on indium salts, 126 

— on iodides, 129 

— on lead salts, 131 

— on lime salts, 94 

— on magnesia salts, 96 

— on strontia salts, 92 

Potassa nitrite, preparation, 59 

— preparation of solution, 59 
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Potassa nitrite, tests of purity, 59 

uses as reagent, 59 

on bromides, 193 

on cobalt salts, 118 

on gold salts, 144 _ 

on iridium salts, 166 

on iodides, 196 

— on nickel salts, 116 

— on palladium salts, 140 

— on rhodium salts, 140 

— on ruthenium salts, 142 

— on osmic acid, 141 

Potassa permanganate on chloride of lime, 
205 

— on chlorites, 205 

— on sulphites, 173 

Potassa pierocyanate, formation, 198 

Potassa salts, properties, 82 

— on hydrofluosilieie acid, 176 

— on perchlorie acid, 209 

— on racemates, 215 

— on tartrates, 210 

Potassa and soda carbonate, preparation, 
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— tests of purity, 74 

— uses as flux, 74 

— fusion with insoluble bromides, 194 

— fusion with insoluble chlorides, 192 

— fusion with insolubie iodides, 197 

— fusion with insoluble silicates, 190 

— fusion with insoluble sulphates, 175 

Potassa sulphate, preparation of solution, 
56 


— purification, 56 

— uses as reagent, 56 

— on alumina salts, 100 

— on cerium salts, 106 

— on didymium salts, 107 

— on lanthanium salts, 107 

— on lime salts, 93 

— on thoria salts, 104 

— on zireonia salts, 104 

Potassa tantalate, properties, 110 

Potassium acid fuoride with berylla salts, 
103 

— with titanie acid, 108 

Potassium chloride on iridium salts, 166 

— on palladium salts, 140 

— on platinum salts, 144 

— on ruthenium salts, 141 

Potassium cobaltieyanide, formation, 118 

Potassium eyanide, preparation, 62 

— preparation of solution, 62 

tests of purity, 62 

uses as reagent, 62 

uses as dry reducing agent, 77 

on chlorates, 207 

on cobalt salts, 118 

on nickel salts, 116 

on nitrates, 206 

on tellurium compounds, 168 

on selenium compounds, 169 

and cobalt solution on nitrites, 204 

and soda carbonate as dryredueing agent, 


77 


Are 


£ 
j 
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Potassium eyanide and soda carbonate as 
test for antimony, 152 
— and soda carbonate as test for arsenic, 
158 ’ 
— and soda carbonate as test for tin, 
1 
Potassium ferrieyanide, preparation, 63 
— preparation of solution, 63 
— tests of purity, 63 
uses as reagent, 63 
on cobalt salts, 118 
on indium salts, 126 
on iron protoxide salts, 120 ° 
on iron sesquioxide salts, 121 
on manganese salts, 114 
on nickel salts, 116 
on zine salts, 112 
and tartarie acid on cobalt salts, 118 
Potassium ferrocyanide, preparation of solu- 
tion, 63 
uses as reagent, 63 
on cobalt salts, 118 
on copper salts, 135 
on indium salts, 126 
on manganese salts, 114 
on molybdates, 167 
on nickel salts, 116 
on iron protoxide salts, 120 
ou iron sesquioxide salts, 121 
on tantalie acid, 110 
on titanie acid, 108 
on tungstates, 168 
on uranium salts, 124 
on vanadie acid, 126 
on vanadates, 127 
— on zinc salts, 112 
Potassium fluoride on niobie acid, 110 
Potassium iodide on antimonic acid, 149 
— on osmie acid, 141 
— on palladium salts, 140 
— on thallium protoxide salts, 125 
— on thallium trioxide salts, 125 
Potassium and platinum chloride, proper- 
ties, 82 
— solubility, 87 
Potassium sulphocarbonate, 
footnote, 116 
— on cobalt salts, 118 
— on nickel salts, 116 
Potassium sulphocyanide, preparation, 63 
— preparation of solution, 64 
— tests of purity, 64 
uses as reagent, 64 
on hyponitrie acid, 204 
on indiuın salts, 126 
on iron protoxide salts, 120 
— on iron sesquioxide salts, 121 
on nitrites, 204 
on ruthenium salts, 142 
and sulphurous acid on cadmium salts, 
138 
and sulphurous acid on copper salts, 
135 
and sulphurous acid on palladium salts, 
140 


preparation, 
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Potassium sulphocyanide and zine on mo- 
lybdie acid, 167 

Precipitation, 6 

Preliminary examination, 225 

Propionie acid, detection, 221 

— properties, 221 

— reactions, 221 

Prussian blue, properties, 121 

Purple of Cassius, 143 


‘| Pyrogallie acid on nitrites, 204 


Pyrophosphorie acid, properties, 180 
— reactions, 180 


UININE, detection, 355, 364, 366 
— properties, 353 
— reactions, 353 
Quinine salts, properties, 353 


RACFMATES, properties, 215 
reactions, 215 

Racemie acid, properties, 215 

— reactions, 215 

Reducing agent, dry, 77 

Reducing flame, 17 

Reınscr’s test for arsenie, 155 

Rhodium, detection in analytical course, 
338, 340 

— oceurrence, 140 

— properties, 140 

— reactions, 140 

Rhodiumn oxides, properties, 140 

Rubidia, detection in analytical course, 340 

— cxsia and lithia, detection in presence 
of much potassa or soda, 89 

— and cxsia, differences from potassa, 87 

— distribution, 87 

— reactions, 87 

Rubidia alum, solubility, 88 

Rubidia bitartrate, solubility, 88 

Rubidia carbonate, solubility in alcohol, 88 

Rubidium and platinum chloride, solubility, 
87 

Ruthenium, detection in analytical course, 
338, 340 

— occurrence, 141 

— properties, 141 

— reactions, 141 


QALICINE, detection, 364, 366 
— properties, 362 

— reactions, 362 

Selenetted hydrogen, formation, 169 

Selenice acid, properties, 169 

Selenious acid, properties, 169 

Selenites, properties, 169 

Selenium, detection in analytical course, 

338 

— occurrence, 169 

— properties, 169 

— reactions, 169 

Silicates, analysis, 283 

— insoluhle, decomposition, 189 
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Silieates, properties, 189 
Silieie acid, detection, 191 

— properties, 189 

— reactions, 189 
Silieofluorides, properties, 176 
Silver, properties, 127 

— reactions, 128 


—— separation from lead and mercury sub- 


oxide, 131 
Silver acetate, properties, 218 
Silver arsenate, properties, 162 
Silver arsenite, properties, 155 
Silver borate, properties, 181 
Silver bromide, properties, 198 
Silver chloride, properties, 128 
Silver chromate, properties, 172 
Silver citrate, properties, 212 
Silver eyanide, properties, 198 
Silver ferrieyanide, properties, 200 
Silver ferrocyanide, properties, 199 
Silver formate, properties, 219 
Silver hyposulphite, properties, 174 
Silver iodate, properties, 174 
Silver iodide, properties, 195 
Silver malate, properties, 213 
Silver nitrate, preparation of solution, 68 
— tests of purity, 68 
— uses, 68 
on acetates, 218 
on autimony teroxide, 151 
on arsenates, 162 
on arsenites, 155 
on borates, 181 
on bromides, 193 
on chlorides, 192 
on chloride lime, 205 
on chlorites, 205 
on chromates, 172 
on eitrates, 212 
on cyanides, 198 
on ferrieyanides, 200 
on ferrocyanides, 199 
on formates, 219 
on hypophosphites, 205 
on hyposulphites, 174 
on iodates, 174 
on iodides, 195 
on malates, 213 
on metaphosphates, 130 
on nitrites, 204 
on oxalates, 182 
on perchlorates, 209 
on phosphates, 178 
on phosphites, 187 
on pyrophosphates, 180 
on sulphides, 201 
on tartrates, 210, 211 
on tungstates, 168 
— on vanadates, 126 
Silver oxalate, properties, 182 
Silver oxide, properties, 128 
Silver phosphate, properties, 178 
Silver pyrophosphate, properties, 180 
Silver salts, properties, 128 
Silver sulphide, properties, 128 
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Silver tartrate, properties, 211 
Soda, filtration of solution, 49 
— preparation of solution, 49 
— preservation of solution, 49 
— properties, 83 

— reactions, 84 

— separation from other alkalies, 86 
— tests of purity, 49 

— uses as reagent, 50 

— on niobate of potassa, 110 

— on tantalate ofsoda, 110 

— see Potassa 

— fusion with niobie acid, 110 
— fusion with tantalic acid, 110 
Soda acetate, preparation, 57 

— preparation of solution, 57 
— tests of purity, 57 

— uses as reagent, 57 

— onindium salts, 126 


Soda and ammonia phosphate, see Micro- 


cosmic salt 
— bead, see Microcosmic bead 
Soda antimonate, properties, 84 
Soda biborate, see Borax 
— bead, see Boraz bead 
Soda bicarbonate on uranium salts, 124 
Soda bisulphite, preparation, 59 
— tests of purity, 59 
-— uses as reagent, 59 
Soda bitartrate, preparation, 40 
— preparation of solution, 40 
— uses as reagent, 40 
— on ammonia salts, 85 
— on potassa salts, S2 
— on soda salts, 85 


Soda carbonate, preparation of solution, 57 


— purification, 57 

— tests of purity, 58 

uses as reagent, 58 

uses as ffux, 76 

on alumina salts, 100 

on antimony salts, 150 

on baryta salts, 90 

on berylla salts, 103 

on bismuth salts, 136 

on cadmium salts, 138 

on cerium salts, 106 

on chromium salts, 101 

on copper salts, 134 

on didymium salts, 107 

on indium salts, 126 

on lead salts, 130 

on lime salts, 93 

on magnesia salts, 95 

on strontia salts, 91 

on tellurous acid, 168 

on thallium protoxide salts, 125 
on thoria salts, 103 

on tin binoxide salts, 148 
on tin protoxide salts, 146 
on yttria salts, 105 

on zine salts, 112 

on zirconia salts, 104 

— fusion with mereury salts, 129 
— fusion with niobie acid, 110 
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Soda carbonate, fusion with titanie acid, | Sodium and platinum chloride, properties, 
85 


109 
— see Potassa and soda carbonate Sodium sulphide, preparation, 55 
Soda carbonate bead, with didymium salts, | — preparation of yellow, 55 
10 — uses as reagent, 55 
— with iridium salts, 166 Soils analysis, 300 
— with manganese salts, 114 Solubility table, 380 
— with palladium salts, 140 Solution, 3, 233 
— with rhodium salts, 140 Solvents, chemical, 3 
— with silieates, 190 — simple, 3 
Soda carbonate on charcoal as blowpipe test, | Spectroscope, 28 
76 — KırcHHorr and Bunsen’s, 28 
— for arsenie, 161 — Rexrorn’s, 29 
— for bismuth, 137 Spectrum of baryta salts, 91 


— for cadmium, 138 

— for copper, 135 

— for lead, 131 

— for silver, 128 

— for sulphates, 175 

— for tungsten, 168 

— for zine, 113 

Soda carbonate and potassium cyanide, as 
dry redueing agent, 77 

— as test for antimony, 152 

— as test for arsenie, 158 

— as test for tin, 147 

Soda hyposulphite or cerium protoxide salts, 
106 


of borates, 182 

of exsia salts, 88 

of copper bromide, 204 
of copper chloride, 204 
of copper iodide, 204 
of didymium salts, 107 
of erbium salts, 105 
of indium salts, 126 
of lime salts, 94 

of lithia salts, 88 

of potassa salts, 83 

of rubidia salts, 88 

of soda salts, 84 

of strontia salts, 93 


— on nitrate of sesquioxide of cerium, of thallium salts, 125 
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106 absorption, of didymium salts, 107 
— on didymium salts, 107 — absorption, of erbium salts, 105 
— on thoria salts, 104 Spirit lamps, 19 
— on titanie acid, 108 Starch on bromine, 194 
— on yttria salts, 105 — on iodine, 196, 203 
— on zireonia salts, 104 — and potassium iodide on nitrites, 204 
— as blowpipe test for eyanogen, 198 Starch bromide, properties, 194 
Soda nitrate, preparation, 75 Starch iodide, properties, 196, 208 
— tests of purity, 75 — on cyanides, 199 
— uses as dry reagent, 75 — on hyposulphites, 174 
— and soda carbonate as test for chromium, | — on sulphites, 173 
102 Strontia, and baryta, detection of minute 
Soda phosphate, preparation of solution, 56 quantities in presence of lime, 98 
— purifieation, 56 — properties, 91 
— tests of purity, 56 — reactions, 92 e 
— uses as reagent, 56 — separation from other alkaline earths, 
— on alumina salts, 100 ” 
— on baryta salts, 90 Strontia chromate, properties, 92 
— on indium salts, 126 Strontia oxalate, properties, 92 
— on lime salts, 93 Strontia salts, properties, 91 
— onlithia salts, 88 Strontia sulphate, properties, 92 
— on magnesia salts, 96 Strontium chloride on hydrofluosilieie acid, 
— on strontia salts, 91 176 
— on titanie aid, 108 Strychnine, detection, 361, 364, 366, 369, 
— ammonium chloride and ammonia on 372, 373 
magnesia salts, 96 — properties, 356 
Soda and potassa carbonate, see Potassa | — reactions, 356 
and soda carbonate. Strychnine salts, properties, 356 
Soda salts, properties, 84 Sublimate, definition, 13 
Soda sulphate on lime salts, 93 Sublimation, 13 
— on tin binoxide salıs, 148 Suceinates, properties, 216 
Soda sulphite on osmie acid, 141 — reactions, 216 
— on tellurous acid, 168 Suceinic acid, detection, 217 
Soda tantalate, properties, 110 — properties, 215 
Sodium on phosphates, 180 — reactions, 216 


Sodium nitruprusside on sulphides, 201 Sulphates, decomposition of insoluble, 175 
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Sulphates, properties, 175 

— reactions, 175 

Sulphides, properties, 200 

— reactions, 201 

Sulphites, and hyposulphites, detection in 
presence of sulphides, 174 

— properties, 173 

— reactions, 173 

Sulphur, detection, 202 

— detection in thallium, 125 

— properties, 200 

RER hydrogen, see Hydrosulphurie 
aci 

Sulphurie acid, detection, 175 

— detection of free, 176 

— preparation of solution, 38 

— properties, 174 

purification, 37 

reactions, 175 

tests of purity, 38 

uses as reagent, 38 

on baryta salts, 90 

on bismuth salts, 136 

on lead salts, 131 

on lime salts, 93 

on magnesia salts, 96 

on strontia salts, 92 

on tantalates, 109 

Sulphuric acid concentrated, on acetates, 

219 

on chlorates, 208 

on eitrates, 212 

— on ferrieyanides, 200 

— on ferroeyanides, 199 

— on fluorides, 184 

— on formates, 220 

— on iodides, 196 

— on malates, 213 

— on niobic aeid, 110 


Tartarie acid, preparation of solution, 
40 

— properties, 209 

— reactions, 210 

— uses as reagent, 40 

— on ammonia salts, 85 

— on cwsia salts, 87 

— on lithia salts, 88 

— on potassa salts, 82 

— on rubidia salts, 87 

— on soda salts, 85 

Tartrates, properties, 209 

— reactions, 210 

Telluretted hydrogen, formation, 168 

Tellurie acid, properties, 168 

Tellurium, detection in analytical course, 
338 

— occurrence, 168 

— properties, 168 

— reactions, 168 

Tellurium oxides, properties, 168 

Tellurous acid, properties, 168 

Terbium, footnote, 105 

Thallium, detection in analytical course, 
336, 338, 339 

— detection in sulphur, 125 

— distribution, 124 

— properties, 124 

— reactions, 125 

Thallium oxides, properties, 125 

Thallium and platinum chloride, properties, 

125 

Thallium protiodide, properties, 125 

Thallium protocarbonate, properties, 125 

Thallium protochloride, properties, 125 

Thallium protoxide salts, reactions, 125 

Thallium salts, properties, 125 

Thallium sulphide, properties, 125 

Thallium trioxide salts, reactions, 125 

Thoria, detection in analytical course, 339, 
340 

— oecurrence, 103 

— properties, 103 

— reactions, 103 

Thoria carbonate, properties, 103 

Thoria oxalate, properties, 104 

Thoria and potassa sulphate, properties, 
104 

Thoria salts, properties, 103 

Thoria sulphate, properties, 104 

Thorium fluoride, properties, 103 

Tin, properties, 145 i 

— separation from antimony and arsenic, 
163 

— on niobie acid, 110 

— on titanie acid, 108 

Tin binoxide, properties, 147 

— salts, properties, 147 

— salts, reactions, 148 

— separation from tin protoxide, 165 

Tin bisulphide, properties, 148 

Tin protochloride, preparation, 70 

— preservation, 70 

— properties, 146 

— tests of purity, 70 
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on oxalates, 183 

on perchlorie acid, 209 

on siiicofluorides, 176 

on tartrates, 211 

and silica on fluorides, 185 
Sulphurous acid, properties, 173 
— reactions, 173 
— on arsenates, 161 
— on chromates, 172 
— oniridium binoxide, 166 
— on iodates, 174 
— on perchlorates, 209 
— on selenious acid, 169 
— on vanadic acid, 126 


MANNIC acid on gold salts, 144 

Tantalie acid, detection in analytical 
course, 339, 340 

— oceurrence, 109 

— properties, 109 

— reactions, 109 

T'antalum chloride, properties, 109 

Tantalum and potassiam fluoride, properties, 
109 

Tartaric acid, detection, 214 


INDEX. 


Tin protochloride, uses as reagent, 70 

— on bismuth salts, 137 

on gold salts, 143 

on iridium salts, 166 

on mercury oxide salts, 133 

on mercury subsalts, 129 

on osmie acid, 141 

on palladium salts, 140 

on platinum salts, 145 

on selenious acid, 169 

on sulphurous acid, 173 

on tellurous acid, 168 

on tungstates, 168 

Tin protosulphide, properties, 146 

Tin protoxide, properties, 146 

— reactions, 146 

— separation from tin binoxide, 165 

— salts, properties, 146 

Titanic acid, detection in analytical SOMLERE, 
339, 340 

g distribution, 108 

— properties, 108 

— reactions, 107 

Titanium chloride, properties, 108, 109 

Titanium and potassium fluoride, proper- 


ties, 108 
Triangle, platinum, 20 
Tungstates, insoluble, decomposition, 
168 
Tungsten, deteetion in analytical course, 
336, 340 


— occurrence, 167 

— properties, 167 

— reactions, 167 

Tungsten oxides, properties, 167 
Tungstie acid, properties, 167 
Turmerie paper, preparation, 72 
— uses as reagent, 73 

with ammonia molybdate, 131 
with boracie acid, 181 

with hydrochlorie acid, 181 
with iron sesquichloride, 181 
— with zirconia, 181 


RANIUM, detection in analytical course, 
339 
— oceurrence, 124 
— reactions, 124 
Uranium oxides, properties, 124 
Uranium oxysulphide, properties, 124 


VANADATES, properties, 126 

Vanadie acid, detection in analytical 
course, 340 

— oceurrence, 126 

— properties, 126 

— reactions, 126 

Vanadium oxides, properties, 126 

Vanadium pentasulphide, properties, 126 

Veratrine, detection, 361, 364, 366, 369 

— properties, 359 

— reactions, 359 

— salts, properties, 359 
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ASHING, 9 
Washing bottle, 9 

Water, analysis of mineral, 292 
— analysis of potable, 289 
— bath, 12 
distillation, 35 
tests of purity, 35 
uses as reagent, 35 
on antimuny salts, 149 
on bismuth salts, 137 


wen detection in analytical course, 


— oceurrence, 104 

— properties, 104 

— reactions, 105 

— separation from erb!a, 106 

Yttria carbonate, properties, 105 

Yttria and potassa sulphate, properties, 
105 

Yttria salts, properties, 105 

Yttria sulphate, properties, 105 


INC, preparation of granulated, 53 

— properties, 111 

purification from arsenic, 53 

reactions, 112 

separation from other members of Gr. 4, 


22 


tests of purity, 53 

uses as reagent, 53 

on antimony salts, 151 

on arsenic compounds, 156 

on chromates, 172 

on copper salts, 135 

on hypophosphites, 205 

on hyposulphites, 174 

on indium salts, 126 

on iridium salts, 166 

on molybdates, 167 

on niobie acid, 110 

on nitrates, 207 

on osmie acid, 141 

on phosphorous acid, 187 

on rbodium salts, 140 

on ruthenium salts, 142 

on sulphites, 173 

on tantalie acid, 109 

on tellurous acid, 168 

on thallium protoxide salts, 125 

on tin salts, 147, 148 

on titanie acid, 108 

on tungstates, 168 

— on vanadie acid, 126 

Zineand platinum on antimony salts, 150 

Zine, basic carbonate, properties, 112 

Zine ferrieyanide, properties, 113 

Zine ferrocyanide, properties, 112 

Zine oxide, properties, 111 

Zine salts, properties, 111 

Zine sulphate and sodium nitroprusside on 
sulphites, 173 

Zine sulphide, properties, 112 
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Zircon, decompssition, 104 Zireonia hyposulphite, properties, 104 
Zirconia, detection in analytical course, 339, | Zirconia oxalate, properties, 104 

340 Zireonia and potassa sulphate, properties, 
— oceurrence, 104 104 
— properties, 104 Zirconia salts, properties, 104 
—- reactions, 104 Zirconia silicates, decomposition, 104 
Zirconia carbonate, properties, 104 Zireonia sulphate, properties, 104 


THE END. 
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PEREIRA, M.D., F.R.S. Sixteenth Edition . i P ; 32mo, 58. 
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Henry Beasley 
EHE POCKET .FORMULARY AND SYNOPSIS 
OF THE BRITISH AND FOREIGN PHARMACOP@IAS: Compris- 
ing Standard and approved Formulz for the Preparations and Compounds 
employed in Medical Practice. By HENRY BEASLEY. Ninth Edition. 


[18 mo, 6s. 
By the same Author 


THE DRUGGISTS GENERAL RECEBIPT:BOGOK: 
Comprising a Copious Veterinary Formulgry and Table of Veterinary 
Materia Medica; Patent and Proprietary Medicines, Druggists’ Nostrums, 
&c.; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments; Trade Chemicals, Mis- 

ellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition . . ü ; 18mo, 65. 


Also 
THE BOOK OF PRESCRIPTIONS: Containing 3,000 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. Fourth Edition . . . 18mo, 6s. 


“Mr. DBeasley’s “Pocket Formulary,’ | reference admirably suited for the dispens- 
* Druggist’s Receipt-Book, and “ Book of | ing desk.”—Chemist and Druggist. 
Prescriptions’ form a compact library of 
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F. H. Lescher 
AN INTRODUCTION to the ELEMENTS of PHARMACY. 
By F. HARWOOD LESCHER. Fourth Edition ... 800,78. 6d. 


Sec. I. MArterıa MEDICcA: Characteristics of Drugs; Geographical Sources ; Detcc- 
tion of Spurious Specimens. 

II. Borany: Sketch of Organs, with their Functions ; Groupings of the 
Characteristics ; Natural Orders. 

III. Chemistry : Outline of Physics ; Simple Primary Analysis; Detection of 
Adulterations ; Poisons—Tests and Antidotes; Organic and Inorganic 
Chemicals. 

IV. Pmarmacy: Pharmacopcia ; Preparations ; Active Ingredients. 

V. PRESCRIPTIONS : The Latin Language ; Examples, with Errors and Unusual 
Doses ; Tables of Doses. 

VI. PRACTICAL DIsPEnSING : Groupings of Strengths of Soluticns ; Emulsions ; 
Pills, &c.; Changes in Mixtures. 


—() — 
DS. ProcLol 
LECTURES.ON BEACTIEAL«BEABMIEN, 


By BARNARD S. PROCTOR, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Wood Engravings ö 8vo, 128. 


CONTENTS 

Drying—Comminution— Solution —Crystallisation— Precipitation--Diffusion in Liquids, 
Dialysis, Osmosis, &c.—Evaporation, Boiling, Fusion, and Calcination—Distillation and 
Sublimation—Filtration and Percolation Official Pharmaey— Official Liquors or Solu- 
tions— Official Infusions and Decoctions—Extracts— Spirits, Tinctares, Wines, Vinegars, 
Liniments— Official Products of Distillation and Sublimation— Official Products of Fusion 
— Official Saline Preparations, &c., Crystallised, Precipitated, Scaled, or Granulated— 
Complex Processes—Dispensing—Reading Autograph Prescriptions—Pills—Powders, 
Ointments, Plasters, Suppositories, &c.— Qualitative Tests of the Pharmacopaia—(Juan- 
titative Testing of the Pharmacopaia--Pharmacy of Special Drugs. 


‘““ A good specimen of a treatise on Chemistry as applied to a special art.” — Chemical 
News. 


—(l — 
Wiüliam Stowe 
A TOXICOLOGICAL CHART, Exhibiting at one view the 


Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of 'Suspended Animation. By WILLIAM STOWE, 
M.R.C.S.E. Thirteenth Edition. s ‘ . Sheet, 2s.; Roller, 55. 


—o 


G. C. Wiitstein 
PRACTICAL PHARMACEUTICAL CHEMISTRY. Zu 
Explanation of Chemical and Pharmaceutical Processes ; with the Methods _ 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments. By Dr. G. C. WITTSTEIn. Translated from the Second German 
Edition by STEPHEN DARBY . ; i . s . » 18mo, 6. 


“It would be impossible too strongly to recommend this work to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry.”—/rom the Introduction by Dr. Buchner. 
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Frazer and Green 
BHENFDRUGEIST’S STOCK AND PRICE BOOK 


Comprising the Drugs, Sundries, and Proprietary Articles in general use, 
with Ruled Columns for Stock-taking Purposes, and for recording the Cost 
and Retail Price of every Article kept in Stock. Arranged by FRAZER 
and GREEN, Pharmaceutical Chemists to the Queen, Glasgow. 8vo, 35. 6d. 


—/—— 
THE PHARMACEUTICAL JOURNAL AND TRANSAC- 
TIONS. Published weekly . - - A - : \ Price 4d. 
——--—— 


THE YEAR-BOOK OF PHARMACY: Containing the 
Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formuls 
published throughout the world. Published annually. 

[8vo, 1870, ’71,’72, 7. 6d. each ; 1873, 1os. 


—— 
R. V. Tuson 


A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 
MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By RICHARD V, Tuson, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 
Veterinary College. Second Edition ; : i : i 75. 6d. 


*“ Not only practitioners and students of | want in veterinary literature. ”— Chemist 
veterinary medicine, but chemists and | and Druggist. 
druggists will find that this book supplies a 


BERNER DER 
Robert Bentley 
A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By ROBERT 
BENTLEY, F.L.S., Professor of Botany, King’s College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Wood Engravings. 
[Crown 8vo, 14s. 


“As the standard manual of botany its position is undisputed.”— Chemist and 
Druggist. 


— — 
FF. Kohlrausch 


AN INTRODUCTION TO PHYSICAL MEASUREMENTS, 
With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
KOHLRAUSCH. Translated from the Second German Edition by TI. H 
WALLER, B.A., B, Sc, and H.R. PROCTER, F.C.S. With Engravings, 


[8vo, 125. 
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W. B. Carpenter 


THE MICROSCOPE AND. ITS REVELATIONSA EB» 
W. B. CARPENTER, M.D., F.R.S. Fifth Edition, with more than 500 Wood 
Engraviugs 5. wi. un nherrdest e  Krommibro, ‚Waskrkady. 


*,* The author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. 





0 — 
J. AH. Martın 
A MANUAL OF MICROSCOPIC MOUNTING; with Notes 


on the Collection and Examination of Objects. By JOHN H. MARTIN, 
author of “ Microscopic Objects.” With upwards of 100 Engravings. 
[8vo, 73. 6d. 
*,* The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 


— l—— 


THE QUARTERLY JOURNAL OF MICROSCOPICATL 
SCIENCE. (Established in 1852.) Edited by Dr. J. F. PAYNE, Assistant- 
Physician at St. Thomas’s Hospital; Mr. E. RAY LANKESTER, Fellow of 
Exeter College, Oxford ; and W. T. THISELTON DVER, Does of Botany 
to the Royal oa Society. 

[Annual Subscription, 165. ; Single Numbers, 4s. 


* * The Memoirs are, when needful, illustrated by Lithographic Plates, many of which 
are Coloured. The Journal contains, in addition, Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 


— )— 
J. Fayrer 
THE THANATOPHIDIA OF INDIA; being a Description 


of the Venomous Snakes of the Indian Peninsula. With an Account of 

the Influence of their Poison on Life, and a Series of Experiments. By 

J. FAYRER, M.D., C.S.I., Honorary Physician to the Queen; late President 

of the Asiatic Society of Bengal. Second Edition, with 31 Plates (28 

Coloured) . j SE, i 3 N P ; s Folio, 72. 78. 
ee ee 


W. Whalley 


THE HUMAN EYE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS: A Popular Description. By W. WHALLEY, 
M.R.C.S. With 4o Engravings 5 Ä } Fcap Svo, 35. 


MESSRS CHURCHILL’S WORKS xill 


A. Chauveau and G. Fleming 


CHAUVEAU’S COMPARATIVE ANATOMY OF THE 
DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by GEORGE FLEMING, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of “ Travels on Horseback in Mantchu Tartary,” 
‘“ Horse-shoes and Horse-shoeing,” “Animal Plagues,” etc. With 450 
Engravings on Wood i - . . 8vo, £1 1ıs. 6d. 

“Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 

Mammalia. . . We have nothing but praise to bestow on the manner in which 

Mr. Fleming has performed his work.”’— Medico-Chirurgical Review. 


——) 


TH. Huxley 


A MANUAL ‘OF THE ANATOMY OF VERTEBRATED 
ANIMALS. By Prof. HuxLeEy, LL.D., F.R.S. With numerous Engrav- 
ings. ; ; e r ’ : 5 : E , [Fcap 8vo, ı12s. 


By the same Author 


INTRODUCTION to the CLASSIFICATION of ANIMALS. 
With Engravings ! k : : - : R Svo, 65. 
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W. M. Ord 
NOTES ON COMPARATIVE ANATOMY: a Syllabus of 
a Course of Lectures delivered at St. Thomas’s Hospital. By WILLIAM 
MILLER ORD, M.B. Lond., M.R.C.P., Assistant-Physicıan to ihe Hospital, 
and Lecturer in its Medical School . . ; x «. Crown 8vo, 55. 
“Compact, lucid, and well arranged. | ‘‘ We have gone through it carefully, and 
These Notes will, if well used, be valuable | we are thoroughly satisfied with the manner 


to learners, perhaps stil more so to | in which the author has discharged his task.” 
teachers. ”— Nature. — Pop. Science Review. 
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John Shea 


A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. E JOHN SHEA, M.D., B.A. Lond. With 
numerous Engravings . ; ; $ B Fcap 8vo, 55. 6d. 


—) — 


VESTIGES of the NATURAL HISTORY OF CREATION. 
With 100 Engravings on Wood. Eleventh Edition . Post 8vo, 7s. 6d. 
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[J. Reay Greene 


TABERS’OFR Z09L.B6G75 ; indicating the Tribes, Sub-Orders, 


Orders, and Higher Groups of the Animal Kingdom, for Students, 

Lecturers, and others. By J. REAY GREENE, M.D., Professor of Natural 

History in the Queen’s University in Ireland. Three large sheets, 5s. 

the set; or, mounted on canvas, with roller and varnished . . 125. 6d. 

*,* These Tables have been eatehullr prepared in accordance with the present state of 

a and with a view to remove the difficulties which arise from the various opinions 
held by different zoologists. 
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Andrew Wilson 
THE STUDENTS CIIDETO ZED L IT 23 

A Manual of the Principles of Zoological Science. By ANDREW WILSON, 
Author of “ Elements of Zoology,” and Lecturer on Zoology, Edinburgh. 
With Engravings i i : & ’ / 5 Fcap 8vo, 6s. 6d, 

“It is alike lucid and well arranged.” — Med. Times and Gaz. 

‘Really a good book, well and clearly written.”— Zdin. Med. Jour. 

““ A trustworthy guide. ”— Zancet. 


“ The illustrations are clear, and the whole work is elegant and compact.” — Med.- 
Chir. Rev. 
——l —— 
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RN. Dunglison 
an LEXICON: A DICTIONARY OF MEDICAL 


SCIENCE. Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulz for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By ROBLEY 
DUNGLISON, M.D. New Edition, thoroughly Revised by RICHARD ]. 
DUNGLISON, M.D. k ; s Royal 8vo (1,130 pp.), 28s. 
*,* The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority. 


u en 
R. G. Mayne and J. Mayne 

MEDICAL VOCABULARY: an Explanation of all Names, 

Synonyms, Terms, and Phrases used in Medicine and the Relative 

Branches of Medical Science, giving their correct Derivation, Meaning, 

Application, and Pronunciation. Intended specially as a Book of Reference 

for the Young Student. Fourth Edition . ß i Fcap 8vo, 8s. 6d. 


_ “We have referred to this work hundreds Botanical, and Pharmaceutical Terms „are 
of times, and have always obtained the in- | to be found on almost every page.” — 
formation we required. „. . Chemical, | C’hemist and Druggist. 
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G. Dawson 


AZWSANUAL OE PHOTOGRAPHY. By GEORGE 
Dawson, M.A., Ph.D.,Lecturer on Photography in King’s College, London. 
Eighth Edition, with Engravings : ia) Fcap 8vo, 55. 6d. 

“The new edition of this excellent many new methods and materials which 
manual, which is founded on and incorpo- | are so frequently being introduced, make it 
rates asmuch of Hardwich’s ‘ Photographie | essential that any book professing to keep 

Chemistry’ as is valuable in the present up to the times must be frequently revised, 

further advanced stage of the art, retains | and Dr. Dawson has in this work presented 

its position as the best work on the subject | the subject in its most advanced position.” 

for amateurs, as well as professionals. The — Nature, May 29, 1873. 
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Lake Price 
A MANUAL OF PHOTOGRAPHIC MANIPULATION. 


By LAKE PRICE. Second Edition, Revised and Enlarged, with numerous 
Engravings ’ - f i ' She e Crown 8vo, 6s. 6d. 





*,* Amongst the Contents are the Practical Treatment of Portraits—Groups in the 
Studio —Landscapes—Groups in Open Air—Instantaneous Pictures— Animals—Architec- 
ture— Marine Subjects— Still Life—Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors—Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 

““ In these days, when nearly every intel- | desire to enter on this path, Mr. LAKke 
ligent person can, after a few weeks, master | PrIcE, in the volume before us, proves 
the manipulatory details of our art-science, | himself to be “a guide, philosopher, and 
attention to the artistic treatment of sub- | friend.’ ”— The British Fournal of Photo- 
jects is a matter for the serious considera- graphy. 
tion of the Photographer ; and to those who 
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C. Brooke 
THE ELEMENTS OF NATURAL PHILOSOPHY. By 
CHARLES BROOKE, M.B,., M.A. F.R.S. Based on the Work of the late 
Dr. GOLDING BirD. 'Sixth Edition, with 700 Engravings on Wood. 
[Fcap 8vo, 125. 6d. 
CONTENTS 


I, Elementary Laws and Properties of Matter: Internal or Molecular Forces — 
2, Properties of Masses of Matter: External Forces—3, Statics—4, The Mechanical 
Fowers, or Simple Machines— 5, Principles of Mechanism — 6, Dynamics—7, Hydro- 
statics—8, Hydrodynamics—9, Pneumatics—ıo, Acoustics—II, Magnetism ; Diamag- 
netism—ı2, Franklinic Electricity—ı13, Voltaic Electricity— 14, Electro-Dynamics — 
15, Electro-Telegraphy — 16, Thermo-Electricity-- 17, Organic Electricity—18, Catop- 
trics and Dioptrics—19, Chromatics-—2o, Optical Instruments —2I, Polarised Light— 
22, Chemical Action ol Light : Photography— 23, Thermics —24, Radiant Heat. 

0 
G. F. Rodwell 
DETES ON NATTRAL FHILBSOPBY: 


Lectures delivered at Guy’s Hospital, by G. F. RODWELL, F.R.A.S,, 
Science Master in Marlborough College. With 48 Wood Engravings. 

[Fcap 8vo, 5s. 

‘““Asan introductory text-book for this | the derivations of scientiic terms.” 








Examination [the Preliminary Scientific | Vazture. 

(M.B.) of the University of London], it is “A well-arranged and carefully-written 

quite the best one wehaveseen . ,„ The condensation ot the leading facts and prin- 
Notes’ chiefly consist of lucid and con- ciples of the chief elements of Natural 

cise definitions, and everywhere bristle with Philosophy.” — Chemical News. 
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THE following CATALOGUES issued by Messrs CHURCHILL 


will be forwarded post free on application: 


| 


Messrs Churchill’s General List of nearly 600 works on 
Medicine, Surgery, Midwifery, Materia Medica, Hygiene, 
Anatomy, Physiology, Chemistry, &c., &c., with a complete 
Index to their Titles for easy reference. N.B. This List 
includes Nos. 2 and 3. 


8) 


Selection from Messrs Churchill!’s General List, comprising 
all recent works published by them on the Art and Science 
of Medicine. 


3. A Selected and Descriptive List of Messrs Churchill’s works 
on Chemistry, Pharmacy, Botany, Photography, and other 


branches of Science. 


4. Messrs Churchill’s Red-Letter List, giving the Titles of 


forthcoming New Works and New Editions. 
[Published every October. ] 


5. The Medical Intelligencer, an Annual List of New Works 
and New Editions published by Messrs J. & A. Churchill, 
together with Particulars of the Periodicals issued from 
their House. 


[Sent at the commencement of each year to every Medical Practitioner in 
the United Kingdom whose name and address can be ascertained. A 
large number are also forwarded to the United States of America, 
Continental Europe, India, and the Colonies.] 


MeEssks CHURCHILL have a special arrangement with MESSRS 
LINDSAY & BLAKISTON, OF PHILADELPHIA, in accordance with 
which that Firm acts as their Agents for the United States of America, 
_ either keeping in Stock most of Messrs CHURCHILL’S Books, or reprinting 
them on Terms advantageous to Authors. Many of the. Works in this 
Catalogue may therefore be easily obtained in America. 
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